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ABSTRACT 
Rapeseed-mustard crops are cultivated in Western, Northern and Eastern plains 
of India. Rapeseed-mustard is second most important oilseed crop after, groundnut in 
India and second highest in the world after China. Mustard is attacked by 43 insect 
species, the most important being mustard aphid, as it can inflicts losses up to 100% 
during outbreak condition and varied with varieties, agro climatic and agro-
technological practices. 
The mustard aphid, L erysimi (Kaltenbach) (Homoptera: Aphididae) is a major 
insect distributed in all the agro-climatic zones of India. Adults and nymphs suck the 
sap from the stem, leaves, inflorescence and pods and also infest roots of mustard. 
Construction of life^^t^lesin relation to temperature is an important component 
in the understanding ofilhfef'population dynamics,!of a species. Temperature and host 
plant has significantly ^|6^65)'iilftuenced mor^fity and development of the nymph 
of L erysimi. Developtttent;,..ffom 1 instar to,..adult decreases with increase of 
temperature from 9° to 33°C as well a .^'below'9°C. The longest survivorship (l^ ) was 
16 days on Pusa Bold at 9°C and shortest i.e. 4 days at 33°C on B. juncea varieties. 
Mortality of nymph was highest at 33°C on Pusa Bold and lowest at 30°C on Pusa 
Jaikisan. Mortality was greater at 1^ ' and 4"^  instars than other instars. Expectancy of 
life is highest in beginning of age and then declines at end of life. 35°C was fatal to 
nymphs and all of them were died at this temperature. 
Survivorship is significantly high in the beginning of age and then decreases 
with age as well as increase of temperature. Longevity of adult is prolonged to 19 days 
on Pusa Bold at 9°C and then decreased with increasing temperature up to 33"C. 
Mortality was less in the beginning of age but greater with the advancement of age. 
The expectancy is highest in beginning of age and decreased slowly to the end of life. 
Temperature and host plant has significantly (/'<0.05) alfected the birth of 
offspring of L. erysimi. Production of offspring/female increases with increase of 
temperature from 7° to 25°C and then decreased down from 27° to 33°C. Highest 
number of offspring i.e. 61.14 nymphs/female was produced when L erysimi reared 
on Pusa Bold at 25°C and lowest (5.59 nymphs/female) on Pusa Bold at 33"C. 
Fecundity of Z. erysimi increases gradually with advancing age and then decreases in 
the end of life, m^  was highest at 25°C and lowest at 33°C on B. juncea varieties. 
Pf is significantly (7^<0.05) differed at constant temperatures and host plants. 
Highest potential fecundity (Pf) was obtained (256.6 Inymphs/female/generation) on 
Pusa Bold at IS^C and lowest at 33°C on B. juncea varieties. Pr increases from 7° to 
25°C and then decreases from 27° to 33°C. Net reproductive rate (Ro) is significantly 
{P<0.Q5) differed at constant temperatures and host plants. Peak reproduction rate has 
occurred at 25°C and decreased by increasing and decreasing temperature from 25"C. 
Ro was highest (21.894 nymphs/female/generation) on Pusa Bold al 25°C and smallest 
i.e. 1.491 at 33°C on the Pusa Bold. Intrinsic rate of increase (rm) is significantly 
(?<0.05) affected by constant temperatures and host plants. Peak rm occurred at 30°C 
on B. juncea varieties. Daily progeny production was highest i.e. 0.3227 
nymphs/female/day on Pusa Jaikisan and lowest i.e. 0.2390 on Varuna at 30°C. Finite 
rate of increase gradually increases from 7° to 30°C and then decreases significantly at 
33°C. Temperature and host plants significantly (?<0.05) affected the mean 
generation time (Tj) and corrected generation time of L. erysimi. T^  is prolonged at 7° 
and 9°C and shortened at 30° and 33°C. Corrected generation time is prolonged when 
L. erysimi reared at 9°C and shortest occurred at 33°C. L erysimi multiplies fast from 
15° to 30°C and the population will become double in 2.147 days on Pusa Jaikisan at 
30°C and multiplication will become delayed at 9°C. 
Development rate in relation to temperature plays an essential role in pest 
management, especially in helping to predict the timing of development of pests and 
natural enemies in field situation. Constant temperatures and B. juncea host plants 
significantly (P<0.05) affected the development of L. erysmi. Development of L 
erysimi from birth to adult is prolonged to 35 days at 9°C on Pusa Bold and 27 days 
on Pusa Jaikisan when L. eiysimi reared at 7°C. Development decreases from 9° to 
20°C then increases substantially on ail B. juncea varieties at 25°C and shortest (7 
days) occurred at 33°C on Varuna. Rate of development / day oi'L. erysimi from birth 
to adult is prolonged on Pusa Jaikisan (0.48) at 7°C and reached to a maximum at 
33°C on B. juncea. 35°C was fatal to L erysimi. 
Development rate v/as regressed by linear equation (D=a+bT) in relation to 
temperature. Highest value of R was calculated for RH-30 which is close to fitness of 
regression line and lowest on Varuna. T i^n is affected by host plants and i . erysimi 
could able to survive below freezing temperature. Tmin was -3.83°C on Pusa Jaikisan 
and -0.38°C for Varuna. L. erysimi accumulated highest amount of thermal units i.e. 
322.58 °C-day to complete the development from birth to adult on Pusa Jaikisan and 
least i.e. 294.1 l°C-day on Varuna. 
Degree day (DD) requirements were greater when L. erysimi reared at 25°C on 
Pusa Bold as compared to 243.50 degree days on Pusa Jaikisan. Whereas, maximum 
(423.00 DD) degree days were required to complete one generation at 25°C on Pusa 
Bold and minimum at 7°C on Pusa Jaikisan. Degree day requirement increases with 
increase of rearing temperature from 7° to 25°C and then decreases up to-33°C. 
Cubic polynomial model was applied to determine the minimum, maximum 
and optimum threshold temperatures. Highest R (0.7023) was calculated on RH-30 
and least (0.6269) on Varuna. Maximum threshold temperature (Tmax) was 38.70°C on 
Varuna and fractional difference was found for Tmax on RH-30. The ambient 
temperature or Topt of L. erysimi is in a range of 16.42° to 17.29°C. Tmi,, ranged from 
4.78° to 3.84°C on B.jmcea host plants. 
In greenhouse condition, temperature has significantly (/^<0.05) influenced 
survival and mortality of Z. erysimi. Development from 1^ ' instar to adult was reduced 
from 15±2° to 20±2°C. Survivorship (IJ was 22 days on Pusa Jaikisan at 15±2°C and 
17 days on Pusa Bold at 20± 2°C. Survivorship is significantly high in the beginning 
of the age and then decreased with advancing age as well as increase of temperature 
from 15± 2°C to 20 ±2°C. Mortality of Z. erysimi was high in the beginning of age 
and then decreased down with age. Expectancy was highest in the begirming of the 
age and then declined at the end of life. 
Temperature of greenhouse and host plants has significantly (?<0.05) / non-
significantly affected the production of offspring of L eyrsimi. Daily fecundity rate 
(mx) depends significantly (?<0.05) on B.juncea varieties, m^ is less in the beginning 
of age and increases gradually somewhere middle of age and then declines. 86.48 
nymphs/female were born when L. erysimi reared on Pusa Jaikisan and 26.64 on Pusa 
Bold at 15±2°C. Highest number of offspring i.e. 70.28 nymphs/female were born on 
Pusa Jaikisan at 20±2°C and the lowest i.e. 41.00 on Pusa Bold. 
Potential fecundity (Pf) is significantly (P<0.05) differed on host plants. 
Highest potenfial fecundity was obtained i.e. 561.94 and 264.92 
nymphs/female/generation on Pusa Jaikisan at 15±2° and 20±2°C, respectively and 
lowest i.e. 113.27 and 121.80 nymphs/female/generation on RH-30 and Varuna 
respectively. Net reproductive rate (Ro) is significantly (P<0.05) differed on Pusa 
Jaikisan and Chapka-111. R^ was highest i.e. 37.564 and 25.700 
nymphs/female/generation on Pusa Jaikisan at 15±2° and 20±2°C, respectively and 
lowest occurred on Pusa Bold on both conditions. Intrinsic rate of increase (rm) is not-
significantly differed at 15± 2°C but significantly (?<0.05) differed at 20 ±2°C on B. 
juncea host plants. Daily progeny production was highest i.e. 0.1648 and 0.2164 
nymphs/female/day on Pusa Jaikisan and lowest i.e. 0.1139 and 0.1467 on Pusa Bold at 
15±2° and 20±2°C, respectively. Finite rate of increase (X) is significantly (/'<0.05) 
differed on Pusa Jaikisan at I5±2°C and on Pusa Jaikisan and Chapka-111 at 20±2°C. 
Finite rate of increase (1.179 and 1.241 nymphs/female/day) occurred on Pusa Jaikisan 
and smallest i.e. 1.120 and 1.158 nymphs/female/day on Pusa Bold at 15±2° and 
20±2°C, respectively. Tc is prolonged to 22.99 days and shortened to 12.54 days on 
Pusa Jaikisan and Pusa Bold at 15±2° and 20±2°C, respectively. Corrected generation 
time (x) is significantly (/'<0.05) differed in relation to host plants in greenhouse 
conditions. Corrected generation time is prolonged to 21.01 days on Pusa Bold and 
Chapka-111 at 15±2° and shortened to 15.84 days on Pusa Jaikisan at 15±2°. L erysimi 
completed one generation in 17.01 days on Pusa Bold and shortest i.e 14 days on 
Chapka-111 at 20±2°C. L erysimi multiplies fast at 20±2°C as co.mpared to 15±2°C 
and the population will become double in 4.205 on Pusa Jaikisan at 15±2°C and 3.203 
days on Pusa Jaikisan at 20±2°C. 
Demographic, or life tables, have also been used to evaluate the total effect of 
sub lethal dosage of toxicants on population and the results would finally provide a 
better understanding and prediction of the total effect of insecticide at the population 
level of a species. Lcjo of insecticides caused a significantly (/'<0.05) variable 
mortality of nymph of i . erysimi in relation to host plants. Survivorship of nymph is 
significantly (/'<0.05) reduced to 5 days by application of dichlorvos on Chapka-111 
and prolonged to 9 days by neem excel on Pusa Bold. Natural mortality of nymphs 
was highest (7.68%) when L. erysimi reared on Varuna and mortality gradually 
decreased down on varieties of B. juncea. LC30 of cypermethrin inflicted the highest 
mortality (39.50%) of T^  instar on Pusa Bold while lowest (10.70%) after exposure to 
neem excel on Pusa Jaikisan. Expectancy of life (Cx) of nymph was high in the 
beginning of age and then declined gradually at end of life in exposed and unexposed 
population. 
Adult formation was greatest when L. erysimi reared on Chapka-ill and 
reduced to 41.08 adults on Varuna. However, 4"' instar of Z. erysimi was exposed to 
fenvalerate gave 42.27 adults on Chapka-Ul and lov/est i.e. 10.32 adults were 
emerged on RH-30 after exposure to cypemiethrin. Survivorship of adult was highest 
i.e. 10 days on Chapka-Ul and lowest (8 days) on Varuna. Survivorship of adult was 
significantly reduced to 3 days when 4"' instar was exposed to cypcrmethrin on Fusa 
Bold and highest survivorship was found to be 8 days on Pusa .laikisan after exposure 
to fenvalerate. Natural mortality in the individuals of A. erysimi was highest i.e. 8.21 
reared on Chapka-111 and followed by RH-30 then gradually decreased down on 
varieties of B. juncea. 7.96% mortality occurred on Pusa Jaikisan when L. eiysimi 
exposed to LC30 of endosulfan and lowest on Varuna after exposure to imidacloprid. 
Mortality of adult is significantly (P<0.05) affected by exposure of insecticides and 
host plants. Expectancy of adult was high (4.70%) when L erysimi reared on Chapka-
111 as compared to Pusa Jaikisan Expectancy was signiticantly reduced in the 
population exposed to cypermethrin on Pusa Bold as compared to 4.42 in the 
treatment of fenvalerate on Pusa Jaikisan. 
Production of offspring/female was highest i.e. 19.56 nymphs/female on RH-30 
exposed with endosulfan and lowest i.e. 2.56 nymphs/female on Pusa Bold exposed 
with imidacloprid as compared to other insecticides and host plants. Whereas, 39.38 
nymphs/female were bom when L erysimi reared on Pusa Jaikisan while, reduced to 
32.85 nymphs/female on RH-30 as compared to other varieties of B. juncea. Potential 
fecundity (Pf) of Z. erysimi was highest (132.85 nymphs/female/generation) reared on 
Pusa Jaikisan and lowest (104.32) on Varuna in unexposed population.57.97 
nymphs/female/generation were born when 4"' instar of L. erysimi was exposed to 
LC30 of fenvalerate on Pusa Jaikisan and lowest (5.90) on Pusa Bold exposed with 
cypermethrin as compared to other insecticides and varieties of B. juncea. Net 
reproductive rate (R^) was highest i.e. 5.274 nymphs/female/generation in fenvalerate 
exposed population on Pusa Jaikisan and reduced to 1.125 exposed with imidacloprid. 
Population growth is significantly (P<0.05) reduced by application of sublethal dose 
of insecticides in relation to host plants. Ro was found highest i.e. 12.919 
nymphs/fem.aie/generation when unexposed population of Z. erysimi reared on Pusa 
Jaikisan and 11.511 on Chapka-111 as compared to other variety of B. juncea. 
Intrinsic rate of increase (rm) is significantly (?<0.05) / non-significantly 
affected by insecticides and varieties of B. juncea. x^ was highest i.e. 0.0479 
nymphs/female/day on RH-30 and Chapka-111 varieties when exposed with neem 
excel and dichlorvos, respectively while, 0.0046 nymphs/female/day on Pusa Bold 
exposed with imidacioprid as compared to other insecticides and host plants. 0.0617 
nymphs/female/day were born on Pusa Jaikisan while, lowest i.e. 0.0589 
nymphs/female/day on RH-30 in unexposed population of L. erysimi. Finite rate of 
increase (X) is significantly (7^ <0.05) and non-significantly varies with insecticide 
treatments on varieties of B. juncea. Highest finite rate of increase (A,) occurred when 
4"' instar of Z. erysimi exposed with cypermethrin (1.047) on Chapka-111 and lowest 
i.e. 1.004 nymphs/female/day exposed with imidacioprid on Pusa Bold as compared to 
other insecticides and host plants. Mean generation time (Tc) of L. erysimi was 
significantly (P<0.05) affected by insecticides and host plants. Mean generation time 
is prolonged to 12.628 days on Pusa Bold exposed with neem excel and reduced to 
9.667 days with dichlorvos on Chapka-111 as compared to other insecticides and host 
plants. Corrected generation time (i) was prolonged to 16.012 days on Pusa Jaikisan 
when L. erysimi exposed to fenvalerate and 11.120 days on Pusa Bold exposed to 
imidacioprid as compared to other insecticides and host plants. Corrected generation 
time was found highest i.e. 18.021 days on Pusa Bold and lowest i.e. 17.005 days on 
Varima when L erysimi reared on above unexposed population as compared to other 
mentioned host plants. Doubling time (DT) is significantly (/'<0.05) affected by 
insecticides and B. j'lincea varieties. Doubling time of L. erysimi is prolonged to 
65.441 days on Pusa Bold exposed to imidacioprid and reduced to 6.285 days on RH-
30 and Chapka-111 exposed with neem excel and dichlorvos. 5.111 days were 
required by L. erysimi to become double in number on RH-30 and lowest i.e. 4.741 
days on Varuna on unexposed as compared to other host plants of B. juncea. 
Effect of time of sowing on the incidence of L. erysimi was studied in relation 
to predator, Coccinella septempunctata and parasitoid, Dieretiella rapae on B. juncea 
varieties. Aphid population increases gradually and reached to a peak at 120, 90 and 
60 DAS in early (lO"" October), mid (lO"" November) and late (lO"' December) sown 
crops, respectively in both cropping seasons. Thereafter, many fold decrease was 
monitored after 120 DAS on (1'' week of February) early sown, 100-120 DAS (4"" 
week of February to 1'' week of March) on mid sown and 70-80 DAS (mid February 
to 4' week of February) on lale sown crops in 2005-06 and 2006-07 respectively. 
Highest population i.e. 368.88 and 354.82 aphids/10 cm twig was monitored on 
Chapka-111 on early sown crop at 120 DAS and 382.27 and 368.66 on mid sown at 
90 DAS and 378.56 and 366.15 was recorded on late sown at 60 DAS on Chapka-111, 
respectively in 2005-06 and 2006-07and smallest on Pusa Bold in early, mid and late 
sown at 90 DAS on mid sown at 60 DAS in late sown crop in 2006-07. 
Population of Coccimlla ranged from 2.44 to 4.08 / plant in 2005-06 and 2.14 
to 4.16 in 2006-07 on mid sown crop and D. rapae ranged from 0.75 to 2.34 and 0.68 
to 2.33 individuals/plant, respectively in both cropping seasons. Mummified aphid of 
D. rapae ranged from 0.78 to 3.92 and 0.81 to 3.84 on Kundan variety on late sown 
crop on both cropping seasons, respectively. 
Performance of B. juncea in relation to level of infestation is significantly/non 
significantly/equally differed at early sown crop in 2005-06 and 2006-07. Mean L 
erysimi population was recorded highest (108.91) on Chapka-111 while smallest 
(62.14 aphids/10 cm twig) on Pusa Bold in 2005-06. Coccinelia and mummified 
aphids did not appear at an early sown crop on both cropping seasons. 
On mid sown crop, the highest mean population of L. erysimi was observed as 
149.77 and 142.92 aphids/10 cm of twig on Chapka-111 and smallest i.e. 89.97 and 
84.02 on Pusa Bold on both cropping seasons of 2005-06 and 2006-07, respectively. 
The average population of Coccinelia was highest i.e. 1.53 on Pusa Bold and smallest 
i.e. 0.93 on Varuna in 2005-06. While, 1.65 on Pusa Bold and 1.00 on Varuna and 
Swarna in 2006-07. Parasitization rate of D. rapae was highest and lowest i.e. 0.68, 
0.74 and 0.39, 0.43% on Kranti and Swarna, respectively in both cropping seasons. 
Late sown of B. juncea showed that mean population of L. erysimi was highest 
and lowest on Varuna and Pusa Bold i.e. 107.00, 101.73 and 66.39, 61.78 aphid/10 cm 
twig/plant, respectively on both cropping seasons. Density of Coccimlla was highest 
i.e. 10.33 on Pusa Bold and smallest on PBM-16 and Varuna in both cropping 
seasons. Mummified aphids were recorded highest i.e. 4.95 and 2.56 on Pusa Bold and 
the lowest i.e. 3.50 and 1.93% on Varuna and Swarna, respectively in both cropping 
years. 
Highest yield was obtained on early, mid and late sown crop of Pusa Bold in 
both cropping seasons. Performance of mid sown crop of Pusa Bold was 
comparatively better as it gave a yield of 12.36 and 12.44 q/ha in both cropping 
seasons Therefore, mid sown crop is suitable to grown in this area of Aligarh because 
of low infestation of aphids and higher density of Coccinella and D. rapae. 
Intercropping with a variety of crops is the most widely used farming technique 
which offered viable measure for reducing the predominance of insect pests.7:3 
intercropping system is significantly (?<0.05) more effective than 9:1 arid 8:2 ratio of 
sole and intercrops Fennel intercrop holds lower (P<0.05) aphid population on B. 
juncea as compared to other intercrops. The initial infestation occurred on sole crop at 
55 DAS (P<0.05) but increased significantly {P<0.05) on mustard + radish at 65 DAS 
and the lowest was on mustard + fennel. However, initial infestation on the intercrop 
has occurred at 85 and 95 DAS in 2005-06 and 2006-07. Population of L. erysimi 
increases from 55 to 85 DAS and then decreases up to harvesting of crop in both 
years. Fermel was most effective as an intercrop than other plants tested. Although, 
garlic, coriander, chickpea were also found to be effective intercrops than that of 
wheat and radish. 
Yield of mustard was significantly (P<0.05) differed in intercropping systems 
and lines of intercrop in both cropping seasons as compared to Indian mustard (alone). 
Highest yield was obtained on Pusa Bold with fennel intercrop i.e. 11.65 and 11.78 
q/ha in both cropping seasons, respectively and lowest on mustard + wheat. Lowest 
yield ranged between 7.90-8.15 q/ha that was obtained in Indian mustard 
(monoculture). Maximum benefit in terms of rupees was recorded i.e. Rs. 7969.00 and 
8159.00 on Pusa Bold with fennel intercrop as compared to other cropping system 
during both years. Garlic and coriander intercrops offer a greater additional return as 
compared to radish, chickpea and wheat. Yield increase in mustard + fermel intercrop 
was highest as compared to mustard (alone). 
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INTRODUCTION 
Oilseeds play an important role in the agricultural economy of India as they 
rank second to cereals. Oilseed sector also has a significant role in international trade 
and become a net foreign exchange earner from the export of oilseed extract and the 
oil cakes. It supplies over 1.5 million tones of oil and 3-3.2 million tones of meal. 
India holds a premium position in the global oilseed scenario accounting for 19% of 
the total area and 9% of the production. 
Important annual oilseeds grown in India are groundnut {Arachis hypogaea L.), 
rapeseed-mustard [Brassica campestris L., B. napus L., B.Juncea (L), Czem and Coss 
and Eruca sativa Lam.], sunflower {Helianthus annus L.), sesame (Sesamum indicum 
L.), safflower {Carthanms tinctorim L.), niger seeds (Guizotia abyssinica Cass.), 
soyabean {Glycine max (L.) Merril) and linseed (Limm usitatissimum L.). 
Rapeseed-mustard crops are cultivated in 53 countries spreading over the 6 
continents covering an area of 24.2 million ha with an average yield of 1451 kg/ha 
ranging from 411 kg/ha (Russian Federation) to 6250 (Algeria) and netted the total 
production of 35.1 million tones. The Asia alone accounts for 59.1% of the hectare but 
contribute only 48.6% to the world production. Europe contributes 29.7% to the 
global production while, its share is only 16.32%) of cultivated area in the world. The 
yield is variable ranging from 411 to 3528 kg/ha (France). China and India together 
account for 95.4%) of the total cultivated area and 96.7%) of the rapeseed-mustard 
production in Asia. 
Mustard is the major oilseed crop after groundnut in India contributing 26.1 
and 29.1%o of total oilseed cuhivation and production in India, respectively. The area 
and production under rapeseed-mustard is 7.00 million ha and 7.10 million tones, 
respectively during 2008-09 with a productivity of 1060 kg/ha (Anonymous, 2009) 
being the second highest in the world after China. It is a rich source of oil (46-48%)) 
and protein (43.6%) in whole seed meal (Frank, 1990). Moreover, their green leaves 
are used both for human food and animal fodder (Nasir et al, 1998). 
The major areas of its cultivation are concentrated in North Western to North 
Eastern parts of India. The rapeseed-mustard crops are highly vulnerable to attack of 
insect pests that resulted heavy losses in the yield. It is attacked by 43 insect species; 
the most important being mustard aphid, as it can inflict losses up to 100%) in severe 
conditions and varied with varieties, environmental factors and agro-technological 
practices. 
The mustard aphid, Lipaphis erysimi (Kaltenbach) (Homoptera: Aphididae) is 
a key pest distributed in all the agro-climatic zones of India. The adults and nymphs 
suck the sap from the stem, leaves, inflorescence and pods and often aerial parts of 
plant is covered over by a large number of aphids (Srivastava, 2002) and also reported 
to infest roots of mustard plants (Singh and Singh, 1987). In early stage of infestation 
the development of the plant is adversely affected. Buds do not bloom to flowers. 
Colonization of aphid leads to partial or complete failure of silique formation. Siliques 
become thin and seedless. They also attack on set pods that resulted in shriveled seeds 
(Zaman, 1990) and even the plant may die due to excessive sucking of sap (Aslam and 
Ahmad, 2001). 
L. erysimi is a soft bodied, minute, light green and pear shaped having a pair of 
short tubes called cornicles on 5'^ -6"^  posteriodorsal region of abdomen. The adults 
could be winged or wingless. The wingless are predominantly in early stage of 
infestation. The wings when present are long and held vertically up over the body. The 
insect breeds sexually and parthenogenitically. A single female gives birth to 25-133 
nymphs, which will become adult in 7-10 days. There are about 25 generations in a 
year. The insect remains most active from December to March in plains and the peak 
season of its activity is at flowering and pod formation stages of Brassica. At the onset 
of summer they migrate back to hills. 
L. erysimi has caused severe reduction to rapeseed-mustard up to 66-96% in 
yield (Singh and Sachan, 1997) to 75.70% (Sekhon et al, 1996) and 66-96% and 27-
68% on B. compestris and B. juneea, respectively (Bakhetia, 1979). Later on Singh 
and Sachan (1994) reported seed yield of described crop could go down up to 91.35% 
during severe infestation. However, in different agro climatic zones seed yield 
reduction is about 11-96%) (Phadke, 1985). This pest coincides with the general 
growing season of Brassica crop from October to April. The cloudy weather is the 
most favourable for its rapid multiplication. In case of severe infestation the attacked 
plants become yellowish and full of honeydew with black fungus. Prevailing weather 
conditions play an important role in the appearance and intensity of aphid infestation. 
Normally alate forms appeared and become established on the mustard crops in the 
month of November to 3"* week of December. Population peak reached in the end of 
February to mid March (Sekhon, 2007). The ambient maximum (21.7-23.5°C) and 
minimum (7.2-9.4°C) temperature with maximum-minimum humidity (39.7-89.0%), 
rainfall and sunshine is 1.8 mm and 5.5 hr in January-February, respectively appeared 
to be highly conducive for rapid multiplication. Whereas, the population of Coccinella 
spp. was found zero at the time of appearance of the aphid till reached to peak. The 
populations of parasites and predators are composed of 4-5 species and are also 
influenced by environmental factors (Kumar et al, 1996). So it was observed that the 
populations of parasites and predators could not synchronize with the abundance of I. 
erysimi and hence were found unable to control the aphid. Activity of the pest is 
ceased at below 50.9% relative humidity. A frequent rain during the phase of the 
population increase adversely affected the aphids and kept it low throughout the 
period of highest abundance (Sinha et al, 1989). 
Life tables provide an ecological tool to measure survivorship, mortality of an 
organism under natural conditions (Morris and Miller, 1954, Harcourt, 1969). 
Multiple sets of life table data can be analyzed to identify key mortality factors or 
critical life stages or periods, which can increase understanding of the dynamics of an 
insect population and at the same time, reveal the most appropriate period for 
management (Harcourt, 1969, Southwood, 1978). It was extensively studied by Deevy 
(1947) on natural population of animals. Subsequently, the concept of life table was 
extended to study the life expectancy of laboratory cultured insects (Birch, 1948). Life 
table has also been used for the study of natural population of insect pests and has 
been discussed comprehensively by various workers (Morris, 1963, Harcourt, 1969). 
Construction of life tables in relation to temperature is an important 
component in the understanding of population dynamics of a species (Carey, 1993). 
Although the insects are not always subjected to constant temperatures in nature, a 
controlled study can provide valuable insight into population dynamics of a particular 
species (Summers et a/., 1984). It may also provide assessment of incidence of damage 
and may guide the application of control measures. 
Temperature is an important driving force for arthropod population growth rate 
(Taylor, 1979) and the rate of development of insect is also temperature dependent 
(Lamb, 1992). As the development increased, development rate becomes proportional 
to temperature. The development then begins to slow up to a maximum the so called 
optimum temperature (Allsopp et al., 1991). Development rates then fall off sharply 
with further increase in temperature. Moreover, the rate of reproduction of insects is 
dependent on temperature usually up to a critical maximum (Dent, 1995) and the 
number of offspring produced increases with temperature (Enkegaard, 1993, Yang et 
al, 1994) but high temperature reduced fecundity. In general, insect's development is 
extremely inhibited by high temperature immediately above the optimal temperature 
range (Denlinger and Yocum, 1998). 
The development rate in relation to temperature plays an essential role in pest 
management, especially in helping to predict the timing of development of pests and 
natural enemies in field condition (Lamb, 1992, Roy et al, 2002). It is also well 
known that the rate of development of an insect is temperature dependent and the 
relationship is linear above a threshold temperature (Allsopp et al, 1991) and several 
models have been developed to describe the relationship (Campbell et al, 1974, 
Logan et al, 1976, Schoolfield et al, 1981, Gilbert and Raworth, 1996, Briere et al, 
1999) since linear model is widely accepted for calculating low temperature threshold 
and thermal constant (Dent and Walton, 1997, Roy et al, 2002, Kontodimas et al, 
2004). 
Keeping in view the importance of L. erysimi life table was constructed on 
Indian mustard varieties: Pusa Bold, RH-30, Chapka-111, Varuna and Pusa Jaikisan at 
constant temperatures under laboratory conditions and life table was also studied on 
the same host plants at 15±2°C and 20±2°C under greenhouse condition, to determine 
the survivorship, fecundity and life indices so that population trends may be 
ascertained at a specific temperature required in management practice. Rate of 
development as well as thermal thresholds and thermal constants were also estimated 
by linear regression equation and cubic polynomial sigmoid equation for modeling 
and prediction of seasonal phenology and abundance of Z. erysimi that may contribute 
substantially to the selection of insecticides or natural enemies to be introduced at 
different environmental conditions. Thermal requirements of L. erysimi on Indian 
mustard crops were determined in order to develop a degree day based phenological 
model for effective forecasting on the occurrence of L. erysimi in the field condition 
and to understand the most suitable Indian mustard variety to be cultivated to 
minimize the population of L. erysimi and maximize the income of farmers and may 
also be recommended to farmers for sustainable management of Z. erysimi on mustard 
crops. 
Pesticides are usually applied to kill the target insects. However, target insects 
may experience sublethal doses because of poor spray coverage or the decrease of 
residue after applications that affect their activity: appetite, foraging behavior, 
fecundity and fertility and accelerate the development of insecticide resistance (Wang 
et al, 2008). Tripathi and Sachan (1990) also suggested that sublethal doses of 
insecticides could cause pest outbreaks in the field but may improve pest control by 
causing less injury to natural enemies. Sublethal concentrations of azadirachtin could 
significantly reduced the longevity and fecundity of the pea aphid, Acyrthosiphon 
pisum (Harris), without the stimulating the pest population growth (Stark and Rangus, 
1994). Kerns and Stewart (2000) suggested the sublethal effects of insecticides on 
insect pests are an important consideration when making an insecticide selection. 
Insecticide resistance has rendered many insecticides used for aphid control 
ineffective (Grafton-Cardwell, 1991, Kerns and Gaylor, 1992, O'Brien et al, 1992). 
There is now evidence suggesting that where insecticide resistant aphids are prevalent, 
the use of some of the insecticides may result in increased population densities (Fuson 
etal, 1995). 
Therefore, demographic, or life tables have also been used to evaluate the total 
effect of sublethal dosage of toxicants on population that often called Life Table 
Response Experiments (LTREs) (Stark et al, 2007). Carey (1993) has worked 
extensively on development of life tables with particular reference to arthropods. Stark 
and Banks (2003) have reviewed the work on population level effects on pesticides 
and other toxicants on arthropods. Stark and Wennergren (1995) stated that 
demographic toxicological analysis is a process that allows one to compare life table 
parameters for untreated populations with those populations treated to various 
concentrations of a pollutant. Therefore, it is an appropriate approach that takes into 
account all the biological parameters effects that a toxicant might have at the levels of 
organization higher than the individual (Stark et al.^\991, 1998, 2004) and also to 
measure multiple endpoints of effects and have been recommended as a superior 
laboratory toxicological endpoint (Stark et al., 1997). 
Population growth rate, and especially the intrinsic rate of increase (r^), has 
been recommended together with Lc estimates for toxicity assessment to provide a 
more accurate estimate of population level effects of toxic compounds (Stark et aly 
1997, Walthall and Stark, 1997, Forbes and Callow, 1999). Dixon (1987) has 
suggested that it provides an effective summary of an insect's life liistory traits. 
Therefore, present study is conducted to determine the effect of imidacloprid, 
endosulfan, dichlorvos, cypermethrin, fenvalerate, neemarin and neem excel on the 
life table of Z. erysimi on Indian mustard host plants i.e. Pusa Bold, RH-30, Chapka-
111, Varuna and Pusa Jaikisan. Therefore, obtained results would finally provide a 
better understanding and prediction of the total effect of insecticide at the population 
level of a species (Kammenga et al, 1996, Kareiva et al, 1996) thus provide a 
complete time series portrait of toxicology (Forbes and Callow, 1999). 
The biology of aphid and population dynamics in relation to environmental 
conditions have been studied by a number of workers on B. juncea crops (Bakhetia 
and Sidhu, 1983, Singh and Sachan, 1995, Sekhon et al, 1996, Amjad et al, 1999, 
Dejiu et al, 1999) and a number of insecticides have so far been recommended to 
reduce the aphid infestation (Sonkar and Desai, 1998, Sachan et al, 2006, Ali and 
Ansari, 2008, Shah et al, 2008, Kumar and Singh, 2009, Singh and Singh, 2009, 
Sultana et al, 2009, Maula et al, 2010) but mustard aphid continue to cause the 
losses to rapeseed-mustard crops. 
The population dynamics and assessment of economic status have been 
considered as a key factors in the development of management schedule against L. 
erysimi on B. juncea (Rana et al, 1993, Singh and Malik, 1998) with minimum input 
and maximum benefit to farmers (Ansari et al, 2007). Ansari and Hussain (2002, 
2003) studied Brassica varieties for resistant to the aphid that has led to the 
identification of a number of resistant, tolerant and susceptible lines under the agro 
climatic conditions of Aligarh, India where several biotic and abiotic factors are 
interacting together for the perpetuation and infestation of L. erysimi on B. juncea. It 
has also been reported that the density of aphids' varied significantly at different time 
of sowing of B. juncea on varieties and different stages of crop growth (Akhter et al, 
1999, Karmakar, 2003, Rustamani et al, 2005). It has been observed that changing the 
date of sowing of Indian mustard is significantly effective for the management of L. 
erysimi (Verma, et al, 1993, Vekaria and Patel, 2000, Rustamani et al, 2005, 
Dhaliwal et al, 2008, Sinhamahapatra and Kumar, 2009). Therefore, effect of time of 
sowing of Indian mustard on the infestation of L. erysimi was studied in relation to 
predator, Coccinella septempunctata and a parasitoid, D. rapae under the agroclimatic 
condition of Aligarh, India. 
C. septempunctata (Coleoptera: Coccinellidae) is an aphidophagous beetle that 
feed upon aphids; L. erysimi, Brevicoryne brassicae, Acyrthosiphonpisum, Schizaphis 
graminum, Hydaphis coriandri, Aphis gossypii, Melanaphis sacchari and 
Rhopalosiphum maidis infesting mustard, cabbage, cauliflower and wheat (Indu and 
Chatterjee, 2006). C. septempunctata is dependent upon density and time of 
appearance of aphids and their appearance is highly dependent on the phenology of 
the host plant. It is revealed that infestation of L. erysimi was greater on rapeseed, B. 
campestris var. BSH-1 than Indian mustard, B. juncea var. RH-30. The eggs of 
ladybird beetle were observed in the last week of January, 4-5 weeks before the 
maximum aphid population occurred on mustard therefore, it can be used as an 
effective bio-control agent (Rana, 2006). Bilashini et al. (2007) reported that C. 
septempunctata substantially help in regulating the field density of aphids: L erysimi 
(Kalt.), M. persicae (Sulzer) and B. brassicae (Linn.). 
D. rapae (Mcintosh) (Hymenoptera: Braconidae) is an important parasitoid of 
L. erysimi and play an important role in regulating the aphid at later stage of rapeseed-
mustard (Khan et al, 2000). D. rapae is a small (3 mm) with black end parasitic wasp 
which lays eggs inside half-grown nymphs, preferring 2"'' to 4"^  instar over 1^ ' instar or 
adult. The parasitized aphid will become tanned or blackened, halved shelled called 
mummy. Parasitoid emergence usually occuixed in the posterior region of the body 
(aphid abdomen) by cutting the abdominal cuticle with the mandibles in a rotative 
movement (Souza and Bueno, 1992). They over-winter as full grown larvae in the 
mummies. D. rapae is widely distributed throughout the world and is known to attack 
over 30 species of aphids during the installation period of the aphids colonies (Elliot et 
al, 1994). Its effectiveness is measured by noting the presence of tan and black 
colored aphids with large holes in their abdomen from which the wasp emerges. 
Dhiman and Kumar (1989) reported that mummification reached to 89%. The 
parasitoids host ratio is 1:5.6 (Raj and Lakhanpal, 1998). Its appearance during 
February results in sharp decline of the mustard aphid (Srivastava, 2002). 
Temperature is a decisive factor in the biology of aphid parasites, especially adult life, 
where it influences directly on the longevity, mating and oviposition (Stray, 1970). 
The increase of the aphid's population density favoured the increase of population of 
D. rapae and also dependent on the presence of the surrounding vegetation. 
Intercropping provides an excellent opportunity of pest management in an 
ecological way by bringing about changes in crop geometry and cropping system 
(Bach and Tabashnik, 1990) and increased natural enemies (Risch, 1981, Khan et ai, 
1997) which is also environmentally acceptable and economically relevant to 
sustainable production practices (Andow, 1991). Intercropping may reduce the pest 
population through increased parasitoid and predator populations (Tiwari et a/.^ 2005). 
Intercropping with a variety of crops is the most widely used farming technique which 
offered viable measure for reducing the predominance of insect pests' species in the 
field (Tingey and Lamont, 1988, Goel and Tiwari, 2004). Incidence of mustard aphid 
varied significantly on different stages of crop growth as well as mustard based 
cropping system (Ali and Ansari, 2008). In addition, crops in intercropping systems 
may improve soil fertility and the availability of alternative sources of nutrition's 
products (Risch et al, 1983) as well as reducing the pest attack (Tingey and Lamont, 
1988, Khan et al, 1997) and lower pest abundance in intercropped or more diverse 
system to a higher density of predators and parasitoids (Bach, 1980). The greater 
density of the natural enemies is caused by an improvement in condition for their 
survival and reproduction, such as greater temporal and spatial distribution of nectar 
and pollen sources which can increase parasitoids and predator's reproductive 
potential and abundance of alternative host/prey when the pest species are scarce or at 
an inappropriate stage (Risch, 1981). Therefore, it was desired to study the 
intercropping of mustard with a varieties of host/non host plants such as; wheat 
[Triticum aestivum), chickpea {Cicer arietinum), coriander {Coriandrum sativum L.), 
fennel {Foeniculum vulgare), garlic (Allium sativum) and radish {Raphanus sativus). 
Therefore, effect of temperature on life table and development would provide 
information on population trend of Z. erysimi at a particular temperature where growth 
and reproduction of L. erysimi is high on Indian mustard variety so that management 
measure would be taken to minimize the losses as well as determination of optimum 
temperature would also be helpful in prediction of high population growth. It may also 
be predicted the appearance and disappearance of Z. erysimi on the bases of maximum 
and minimum temperature threshold. Generally management of Z. erysimi is carried 
out through insecticide application; therefore, effect of insecticides on life table of Z. 
erysimi is studied so that total effects of insecticide would be ascertained in selection 
of a particular insecticide in relation to its long term effect. Effect of sowing date 
would provide a suitable time to grow Indian mustard so that the crop may be escaped 
from the attack of L. erysimi. Intercropping system would also provide a suitable 
intercrop that may deter the colonization of aphid so that this method may also be 
recommended to local growers. 
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REVIEW OF LITERATURE 
Rapeseed-mustard crops are the most important annual oilseed crop cultivated 
in India. The mustard aphid, L. erysimi (Kaltenbach) is the most serious pest, which 
inflicts heavy losses to Brassica crops. Bindra (1970) for the first time estimated 
monetary loss of Rs. 90 crores due to various insect-pests and pathogens associated 
with rapeseed-mustard and upto 96 percent yield loss due to L. erysimi (Singh and 
Sachan, 1997, Devi et ai, 2002, Gupta et al, 2003). But under heavy infestation, 
losses may be about 77.5 percent (Phadke, 1980) to 80.6 percent (Bakhetia, 1982, 
Bandral, 2005). Further, Bakhetia (1983) reported the losses ranged between 34.4 to 
73.3 percent on B.jimcea and B. napus, respectively but under different agroclimatic 
zones, the mean is about 54.2 percent on all India bases. Gupta and Bakhetia (1984) 
found a reduction in grain yield due to attack of aphids that varied from variety to 
variety, time of infestation, year to year as well as even in different fields at the same 
agroclimatic conditions (Brar et (7/., 1987). Verma and Singh (1987) reported that L. 
erysimi could cause damage to the crop from seedling to maturity with the highest 
population at flowering/pod formation stage and the seed yield reduction is 90.3 
percent under severe infestation. 
It was revealed by technical report of AICRP on oilseed (1987) that economic 
threshold level for mustard aphid is 50-60 aphids/10 cm terminal shoot or 40-50 
percent infestation. The above observation was also supported by Bakhetia and 
Ghorbandhi (1987). Singh and Sachan (1997) opined that 30-40 aphids/10 cm 
terminal shoot on toria variety, M-27 during 1^ ' and 2"'' week of January could cause 
economic loss but E.T.L. ranging 37-48 aphids/10 terminal shoot per plant. The 
economic threshold also depends upon Brassica varieties (Singh et al., 2000) and 
found that 15.61, 22.08 and 19.49 aphids/10 cm terminal shoot of Varuna, Rohini and 
Vardan, respectively and the level of infestation was 33.56, 34.75 and 32.07 percent 
with their indices 0.55, 0.55 and 0.50, respectively. 
Bakhetia and Ghorbandhi (1987) determined yield losses and economic injury 
level (EIL)/economic threshold level (ETL) of Z-. erysimi on B. Juncea cv. RLM-619. 
Six levels i.e. <10, 20-25, 50-60, 85-100, 180-200 and > 300 aphids (nymphs + adults) 
per 10 cm shoot/plant were determined as compared to control. Avoidable yield losses 
were estimated up to 69%, v/ith 1:13 cost/benefit ratio. Seed yield had negative 
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correlation with mean and cumulative aphid population. Increase of one aphid 
decreased seed yielded by 4.98 kg/ha. 
Brar et al. (1987) stated that the yield losses varied in different Brassica 
species, from year to year and even in different fields at the same location. Also the 
variations in losses were quite evident in different insecticidal treatments for aphid 
control. Nasir et al. (1998) reported that mustard aphid appeared on the crop in the last 
week of February, population size peaked in the 1'^'^ week of March and the aphids 
disappeared in the 3^  week of April. The population of aphids was positively 
correlated with the average daily temperature, while it was negatively correlated with 
the relative humidity and rainfall. 
Dejiu et al. (1999) studied that the population dynamics of alates and apterous 
of turnip aphid, L. erysimi (Kalt.) together with the incidence of parasitism by D. 
rapae (Mcintosh) on five host vegetable varieties in the field were evaluated. The 
results showed that the average populations of L. erysimi apterous on host vegetable 
varieties on turnip, Chinese kale, leaf mustard, flowering cabbage and Chinese 
cabbage were 63, 425, 10.041, 24.928, 23.323 and 114. 308 aphids/plant, respectively. 
The critical day was used to estimate the date when L. erysimi population density on 
host vegetable varieties reaches its economic threshold. The relationship between L. 
erysimi apterous population (x) and mummy aphids parasitized by D. rapae was 
significant, and the regression formula is y == 0. 1211 + 0. 01431 (r=0. 9739**). 
Kumar et al (2000) observed that aphid appeared in the 3'^ '' standard week 
during end of January with initial intensity of 2.8 aphids/plant on 53.33% plants with 
0.60 aphid index on 66 days old crop during 1993-94, whereas, the respective values 
for 1994-95 were 1.33, 40.00 and 0.43 in the same week on 82 days old crop. The 
aphid population increased up to 7"^  standard week in February at the peak of 403.00 
and 264.33 aphids on 90 and 60% plants having 3.0 and 1.83 indices, respectively 
during respective years. Rapid decrease in aphid intensity was subsequently observed 
with its elimination by the end of February, when the aphid population was at its peak 
and decreased thereafter. The aphid multiplication was noticed to be positively 
governed by temperature, whereas, relative humidity and wind velocity had shown 
negative effect. Temperature (max. 25.14° and min. 11.42°C) and relative humidity 
(morning 84.14 and evening 57.57%) along with wind velocity below 3.0 km/hr were 
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very conducive for this pest. The economic injury level was determined as 28.33 
aphids on 36.91% infestation on plants with 0.63 indexes. Average loss in seed yield 
was 21.58%. Plant height, branching, test weight, oil content and viability of seed 
were found to be greatly suppressed by infestation of this pest. 
Prasad (2003) monitored the population of mustard aphid on Pusa Kalyani. {B. 
rapa, brown sarson), DYS-3 {B. rapa, yellow sarson) and Pusa Bold {B. juncea) 
varieties of mustard for 12 years from 1989-90 to 2000-01 to find out the variability in 
the population in different years. The aphid was first noticed on the inflorescence 
shoot as early as in 51 '^ week during 1996-97 and as late as in 5* week during 1998-
99. The number of aphids at peak and the time of reaching peak also differed in 
different years. The number of aphids at peak was maximum of 2350/plant in 1992-93 
and minimum of 60 aphids/plant during 1998-99 cropping season. 
Reza et al. (2004) reported the populafion built up of mustard aphid, L erysimi 
(Kalt.) was initiated in the 51.51 standard week during end of December with initial 
intensity of 22.67/plant. The population increased up to 3^*^  standard week in January 
at the peak of 318.61. Rapid decrease in population was subsequently observed with 
elimination by the end of February. The aphid population was noticed positively 
related with temperature but relative humidity had shown slight response on its 
intensity and without any significant response of little rainfall. At the fime of peak 
infestafion the maximum and minimum temperature was 27.37° and 14.62°C, 
respectively. The maximum and minimum relative humidity was 95.28 and 62.28%, 
respectively, hi the 4^ and 5"^  standard week the rainfall of 7.40 and 13.10 mm, 
respectively resulted in lowering down the aphid population from 274.33 to 
186.33/plant. None of the ecological parameters alone was responsible for rapid 
multiplication of aphid. 
Temperature is the main abiotic factor influencing the population dynamics of 
a species of insect. Insect survival tends to be reduced by extreme temperature (Asante 
et al, 1991, Shanower et al, 1993). As the temperature increased, development rates 
become proportional to temperature. The development then begins to slow up to a 
maximum, the so called optimum temperature (Allsopp et al, 1991). Development 
rates then fall off sharply with further increase in temperature. The rate of 
reproduction of insects is also dependent on temperature usually upto a critical 
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maximum (Dent, 1995). The number of offspring produced increase with temperature 
(Enkegaard, 1993, Yang et al, 1994) but high temperature reduced fecundity. 
Construction of life tables in relation to temperature is an important 
component in the understanding of the population dynamics of a species (Carey, 
1993). Although the insects are not always subject to constant temperatures in nature, 
a controlled study can provide valuable insight into population dynamics of a 
particular species (Summers et al, 1984). It may also provide assessments of 
incidence of damage and may guide the application of control measures. 
Sachan and Bansal (1977) observed the development of the offspring of 
apterous and alate viviparous females of L erysimi (Kalt.) on cabbage, mustard, 
cauliflower and radish. The results indicated that mustard and cabbage were the most 
suitable food plants, followed by cabbage and radish in that order. Life tables of L. 
erysimi (Kah.) were constructed under field conditions on three varieties of B. 
campestris and one of 5. juncea by Phadke (1982). On the basis of net reproductive 
rate, intrinsic rate of increase and finite rate of increase, B. campestris varieties, YS, 
Pb-24, and T-9 were more favourable for aphid multiplication than other 2 varieties. 
Nowierski et al. (1983) presented methods for estimating upper and lower 
thermal thresholds for walnut aphid development from field data. Age-specific life 
table techniques were also applied to field data to examine the effects of favorable and 
unfavorable temperatures on life table parameters. High-temperature extremes were 
found to delay development, shorten adult longevity, and reduce fecundity. As a 
consequence, the net reproductive rate and intrinsic rate of increase were reduced and 
the population doubling time lengthened as compared with life table parameters 
measured under more favorable temperature conditions. 
Poswal et al (1990) developed time-specific life tables for Acyrthosiphon 
kondoi Shinji. In each year, population densities increased rapidly (from <10 to >200 
aphids/stem) during a 2-3-weeks period between early March and May. In the first 
interval of population growth each year, the observed rates were equivalent to the 
intrinsic rate of increase determined in laboratory studies. Although alatae were 
produced throughout the period of population growth, a rapid increase in the 
prevalence of this morph resulted in proportions of winged adults exceeding 90% just 
before population decline. A rapid decrease in numbers of 4^. kondoi from the peak 
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densities occurred due to emigration of alatae and the resulting decrease in nymphal 
production. 
Sedlacek and Townsend (1990) constructed life tables for the tobacco aphid, 
Myzus nicotianae Blackman, on three varieties of burley tobacco. Daily mortality and 
fecundity schedules were established to estimate net reproductive rate and 
instantaneous rate of population increase on each variety. The number of days to first 
reproduction, longevity, mortality and fecundity were similar on each variety. Net 
reproductive rate, instantaneous rate of population increase, mean generation time and 
doubling time of the populations were the same for each variety, indicating that 
population growth of the aphid on the three varieties did not differ significantly. 
Sarkar et al. (1993) studied the role of field temperature and relative humidity 
in affecting the fecundity and longevity of the aphid, L. erysimi. Fecundity was 108.43 
± 12.63, 110.7 ± 9.64, 77.86 ± 9.48, 29 ± 6.00 and 74.7 ± 14.80 and longevity was 
32.22 ± 2.79, 29.57 ± 2.29, 23.64 ± 2.13, 28.24 ± 2.10 and 22.18 ± 2.55 days for the 
FpFs generations, respectively. Temperature had little effect on fecundity and 
longevity, whereas, there was a significant effect (P<0.05) of relative humidity. 
Goel and Singh (1994) constructed life table for L. erysimi during January, 
February and March corresponding to 14 ± 2°C, 16 ± 2°C, 20 ± 2°C and 74 ± 5%, 74 
± 6% and 54 ± 5% R.H. under laboratory conditions. The values of intrinsic rate of 
natural increase (r^) and finite rate of increase (k) were 0.1035, 0.096, 0.023 and 
1.109, 1.101, 1.023 females/female/day, respectively. The doubling fime (DT) was 
higher in the case of alates during March (13.088 days) than in apterae during January 
(6.697 days) and February (7.220 days). On the population reaching a stable age 
distribution, the nymphal population estimated was 84.36, 93.87 and 92.67 in January, 
February and March, respectively. The life expectancy (e^ ) of newly born nymphs of 
L. erysimi declines monotonically with advancing age in these months. 
Aldryhim and Khalil (1995) reared melon aphid. Aphis gossypii Glover on 
squash, Cucurbita pepo under field conditions. The pre-reproductive period and 
generation time were inversely related to mean temperature and ranged between 4.60-
13.47 days and 8.48-19.51 days, respectively. The highest and lowest mean fecundity 
were 15.25 and 50.90 nymphs/female. The intrinsic rate of increase ranged between 
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0.17-0.42. The population of A. gossypii had a capacity to double every 1.65 days at 
32°and4.33daysat 16.6°C. 
Sinha et al. (1998) studied on the duration of the different stages in life cycle of 
L. erysimi under ambient temperature and humidity conditions from December to 
March (18.7 ± 7.9°C and 62.4 ± 11.0% RH). The nymphal, reproductive, post-
reproductive periods and longevity were longer in progeny of alate aphids than in case 
of that of apterous ones. The nymphal periods showed a positive correlation with 
ambient temperature during December-April while reproductive, post-reproductive 
periods and longevity were negatively correlated with ambient temperature. The 
average nymphal, reproductive and post-reproductive periods were 14.98, 20.80 and 
2.4 days, respectively, in progeny of alate aphids and 13.80, 17.10 and 2.03 days, 
respectively, in progeny from apterous ones. The fecundity of the aphid was positively 
correlated with ambient relative humidity and negatively with temperature. The 
fecundity of offspring from apterous aphids (40.0/female) was greater than in those 
from alate aphids (32.6/female). The longest duration of total life span (39.0 days for 
apterae and 43.7 days for alatae) occurred in January-February and the shortest (24.0 
days for apterae and 29.7 days for alatae) in March-April. 
Tsai and Wang (1999) evaluated development, survivorship and reproduction 
of brown citrus aphid, Toxoptera citricida (Kirkaldy) at 8 constant temperatures (8°, 
10°, 15°, 20°, 25°, 28°, 30° and 32°C). The developmental periods of immature stages 
ranged from 63.1 days at 8°C to 5.5 days at 30°C. The lower developmental threshold 
for the immature was estimated at 6.27°C. The upper temperature threshold of 
31.17°C for development of nymph was determined from a nonlinear biophysical 
model. The percentage of survivorship of immature stages varied from 81 to 97% 
within the temperature range of 8-30°C. However, survivorship was reduced to 29% at 
32°C. The average longevity of adult females ranged from 60.0 days at 10°C to 6.5 
days at 32°C. The average progeny per female was 52.5 at 20°C and 7.5 at 32°C. The 
largest r^ (0.3765) occurred at 28°C. Populations reared at 10 and 32°C had the 
smallest r^ values of 0.0588 and 0.0960, respectively. The mean generation time of 
the population ranged from 51 days at 10°C to 8 days at 32°C. The optimal range of 
temperature for T. citricida population growth was at 20-30°C. 
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Satar et al. (1999) worked on Aphis gossypii Glover (Homoptera:Aphididae) on 
Gossypium hirsutum L. Fecundity tables were constructed to compare the 
performance of the cotton aphid on the three different Malvaceae hosts. 
Developmental time (6.0 days) was longer and fecundity reduced (4.5 nymphs/aphid) 
on okra as compared to common mallow, Malwa sylvestris (5.6 days and 62.8 
nymphs/aphid) and cotton (5.5 days and 37.9 nymphs/aphid). The highest age-specific 
number of nymphs (mx) occurred on common mallow at an age of nine days with 6.8 
nymphs/aphid, and the lowest on okra with only 1.2 nymphs/aphid at day 9*. A. 
gossypii on cotton produced a maximum age-specific number of nymphs at day ten 
with 3.4 nymphs/aphid. Generation times (Tc) were similar for all three host plants, 
however, the mean number of aphids laid during an individual's life time (RQ) varied 
largely between 4.2 aphids/aphid on okra to 65.7 nymphs/aphid on common mallow. 
The significantly lowest intrinsic rate of increase (rm) (0.129 aphids/aphid/day) was 
calculated for A. gossypii on okra. Even after three subsequent generations on okra, 
the performance did not improve, indicating that genetically distinct host races exist in 
A. gossypii. On common mallow an rm value of 0.397 aphids/aphid/day occurred, 
while on cotton the intrinsic rate of increase was significantly lower to 0.338 
aphids/aphid/day. 
Vekaria and Patel (1999 a) showed that mustard aphid, L. erysimi (Kalt.), 
passed through 4 instars. The mean nymphal period was 6.84±0.80 and 6.07±0.65 
days and adult longevity was 8.20±1.12 and 8.62±1.05 days, during which time an 
average of 26.92±5.36 and 37.93±8.93 nymphs developed, respectively further 
Vekaria and Patel (1999 b) determine the biology of L. erysimi on three Indian 
mustard cultivars (GM-1, Varuna and PM-67). The nymphal period was shortest 
(5.88±0.67 days) on PM-67 and longest (6.58±0.65 days) on GM-1. Adult longevity 
and total life span were shortest on GM-1 (8.71±0.69 and 15.29±0.69 days, 
respectively) and longest on PM-67 (10.36±0.99 and 16.24±1.09 days, respectively). 
Fecundity was lowest on GM-1, intermediate on Varuna and highest on PM-67. 
Agarwala and Datta (1999) stated that L. erysimi considerably influenced by 
iminigrant alatae which migrate to the mustard crop from the off-season shelter. 
Aphids reproduce at a higher rate in the early vegetative stage of mustard plants when 
the developmental period is shortest and production of winged morphs is lowest. The 
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population reaches an asymptote when the crop is 70 days old. The species regulates 
its developmental period, fecundity and intrinsic rate of increase in response to 
developmental changes of the mustard plant and maintains its dispersal throughout the 
duration of the mustard crop. In succeeding generations on a mustard plant new bom 
nymphs took increasingly longer to develop into adults and over the same period these 
adults produced decreasingly fewer numbers of offspring. In the inflorescence and 
fruiting stages of mustard plants a higher proportion of the nymphs developed into 
alate. 
Liu and Yue (2001) studied the development, longevity, survivorship and 
fecundity of the alate and apterous forms of the turnip aphid, L erysimi (Kaltenbach), 
on cabbage under constant temperatures. The developmental durations for alate 
nymphs were 15.8, 9.5, 8.0 and 5.4 days at 15°, 20°, 25° and 30°C, respectively, and 
those for apterous nymphs were 13.9, 6.8, 6.1 and 5.0 days. Alate nymphs developed 
1.9-3.0 days longer at 15°, 20° and 25°C than the apterous nymphs, but the 
developmental durations between the alate and apterous forms were not significantly 
different at 30°C. The longevities of alate adults were 12.6, 17.7, 17.6, and 17.2 days 
at 15°, 20°, 25°, and 30°C, respectively, compared with 25.3, 21.3, 17.5 and 11.7 
days, respectively, for apterous aphids under the corresponding temperature regimes. 
Fecundity was also significantly less for alate adults than for apterous adults. Alate 
adults produced an average of 7.9, 37.9, 39.0, and 11.9 nymphs in their lifespan at 
15°, 20°, 25° and 30°C, respectively, compared with 52.5, 90.8, 83, and 29.7 
nymphs/apterous adult at the same temperature regimes. 
Singh et al. (2001) screened 7 genotypes of B. juncea along with the 
susceptible control B. campestris cv. brown sarson against L. erysimi for their survival 
and longevity under laboratory conditions at 17.5°C using the Hoagland solution 
dipped petiole (HSDP) technique. Leaves from host plants were dipped into 
Hoagland's solution and fitted in a glass vial. On each leaf, 5 field collected female 
aphids were released. Root initiation on petiole tips was evident in 9.7 days while the 
development of fine root network was observed in 25 days. Normal aphid colony 
development was observed on leaves derived using the HSDP and the wet cotton swab 
wrapped petiole techniques. The survival and longevity of leaves, however, were 
better in the former than the latter technique. The attainment of the senescence stage 
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in leaves was also marked by the disperse movement of the aphids from the colonies 
over the test leaves. 
Wang and Tsai (2001) evaluated the development, survival and reproduction of 
the black citrus aphid, Toxoptera aurantii (Boyer de Fonscolombe) at ten constant 
temperatures (4°, T, 10°, 15°, 20°, 25°, 28°, 30°, 32° and 35°C). Development was 
limited at 4° and 35°C. Between 7° and 32°C, developmental periods of immature 
stages varied from 44.2 days at 7°C to 5.3 days at 28°C. Overall immature 
development required 129.9 degree-days above 3.8°C. The upper temperature 
thresholds of 32.3, 28.6, 29.3, 27.2, and 28.6°C were determined from a non-linear 
biophysical model for the development of instars 1-4 and overall immature stages, 
respectively. Immature survivorship varied from 82.1 to 97.7% within the temperature 
range of 10-30°C. However, immature survivorship was reduced to 26.3% at 7°C and 
33.1% at 32°C. Mean adult longevity was the longest (44.2 days) at 15°C and the 
shortest (6.2 days) at 32°C. The predicted upper temperature limit for adult 
survivorship was at 32.3°C. Total nymph production increased from 16.3 
nymphs/female at 10°C to 58.7 nymphs/female at 20°C, declining to 6.1 
nymphs/female at 32°C. The estimation of lower and upper temperature limits for 
reproduction was at 8.2° and 32.5°C, respectively. The population reared at 28°C had 
the highest intrinsic rate of increase (0.394) the shortest population doubling time (1.8 
days) and shortest mean generation time (9.5 days) compared with the populations 
reared at six other temperatures. The population reared at 20°C had the highest net 
reproductive rate (54.6). The theoretical lower and upper temperature limits for 
population development, survival and reproduction were estimated at 9.4° and 30.4°C, 
respectively. 
Bijaya et al. (2002) constructed the life table and age specific fecundity of 
Myzus persicae (Sulzer) at 16±0.32°C and 47.23±1.70% relative humidity on 
cauliflower. The net reproductive rate was worked out as 31.93 
females/female/generation. The intrinsic rate of increase (rm) and finite rate of increase 
(k) were determined as 0.1830 and 1.2008 females/female/day, respectively. On 
reaching the stable age distribution, the population comprised mainly of nymphs. In 
addition, the life expectancy (ex) of M. persicae was found to decline gradually with 
advancement of age. Godoy and Cividanes (2002) studied the life table of L erysimi 
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(Kalt.) on Kale, B. oleracea L. var. acephala, at 10°, 15°, 20°, 25° and 30°C, 14 hr 
photophase and 70±10% RH. The longest mean generation time (Tc) was observed at 
15°C (23.86 days) and the shortest at 30°C (7.18 days), while the smallest net 
reproductive rate (R^ ,) occurred at 15°C (4.30) and largest one at 25°C (38.29). For the 
temperatures of 15°,, 20°, 25° and 30°C, the intrinsic rate of natural increase (r^) and 
the finite rate of increase {\) were 0.06-1.06, 0.24-1.27, 0.28-1.33 and 0.23-1.25, 
respectively. The doubling time (DT) at 15°, 20°, 25° and 30°C was 11.55, 2.80, 2.47, 
and 3.01 days, respectively. Under field conditions, the net reproductive rate (R )^ of L. 
erysimi was larger in the winter (53.50) than in the summer (40.99), the same being 
observed for the mean generation time (Tc), which was 13.85 days in the winter and 
7.57 days in the summer. The intrinsic rate of natural increase (r^) and the finite rate 
of increase QC) were 0.29-1.34 and 0.40-1.63 for winter and summer, respectively. The 
doubling time (DT) observed for winter (2.39 days) was larger than the one observed 
for summer (1.41 days). The temperature affects longevity of L. erysimi and the best 
parameters of life table of fertility are obtained at 25°C under laboratory conditions. 
The data obtained in field conditions reinforced this finding. The daily fecundity was 
higher and longevity was smaller in the summer than in the winter, thus increasing the 
iimate capacity of increasing in number and duplicating the population in a shorter 
period of fime. 
Diaz and Fereres (2005) constructed the age-specific life tables of the lettuce 
aphid, Nasonovia ribisnigri (Mosley), on lettuce at different constant temperatures. 
Results showed that the proportion of alates increased with increasing temperatures, 
remaining below 7% at 16°C and increasing to 40-57% at a temperature above 20°C. 
The longest developmental time of apterous aphids was obtained at 8°C (31.5 days), 
and the shortest was at 26°C (6.2 days), whereas the developmental time of alates was 
always 0.7-1.1 d longer than for apterous. Most aphids needed four instars to reach 
adult stage, but at 8°, 26° and 28°C, many individuals passed through five or six 
molts. Age-specific survivorship (Ix) was always above 90% at the temperature range 
of 16-24°C. Mortality rate (qx) v/as rather low but constant at 8°C. However, 
mortality was high at 28°C and occurred mainly in the last nymphal instars and adult 
stage. Unexpectedly, no nymphs were produced by the adult morphs at 28°C, but 
effective fecundity was high at 8°C. Fecundity for alates was always lower than for 
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the apterous aphids at the same temperature. The largest intrinsic rate of natural 
increase (rm), and the mean relative growth rate occurred at 24°C, for both apterous 
and alate morphs, and the lowest at 8°C. Our results show that lettuce aphid is better 
adapted to survive and reproduce at low (8°C) than at high (28°C) temperatures, and 
its best performance occurred at 20-24°C. 
Satar et al. (2005) evaluated the developmental time, survival rate and 
reproduction of the cabbage aphid, Brevicoryne brassicae (L.) (Homoptera: 
Aphididae), on detached cabbage leaves {B. oleracea var. capitata) at four constant 
and two alternating temperatures (15°, 20°, 25°, 30°, 25/30° and 30/35°C). 
Developmental periods of immature stages ranged from 12.5 days at 15°C to 6.0 days 
at 25/30°C. The alternating temperature of 30/35°C v/as lethal to immature stages of 
B. brassicae. The lower developmental threshold for the cabbage aphid was estimated 
at 4.0°C and it required 142.9 degree-days for a first instar to become an adult. The 
average longevity of adult females was reduced from 16.3 days at 15°C to 9.8 d ays at 
30°C. The average reproduction rate per female (Ro) was 47.1 aphids/aphid at 25°C 
and 1.5 aphids/aphid at 30°C. Mean generation time (Tc) of the population ranged 
from 11.3 days at 30°C to 22.6 days at 15°C. The highest per capita growth rate (rni= 
0.317 aphids/aphid per day) occurred at 25°C, and the lowest at 30°C (rn, = 0.037 
aphids/aphid per day). It was evident that temperatures above 25/30°C prolonged 
development, increased the mortality of immature stages, shortened adult longevity 
and reduced fecundity. The optimal range of temperature for the population growth of 
B. brassicae on white cabbage was 20° to 25/30°C. 
Hafiz (2006) studied the effects of 7 cowpea cultivars on the development 
periods and some life table parameters on bean aphid, Aphis craccivora Koch. Data 
revealed that the duration period of nymphal stages ranged from 7.22 days on 6 weeks 
to 8.19 days on B-Crowder cultivar. Aphid individuals fed on 6 week cultivar 
developed significantly faster than those on any other cultivars, whereas, it was longer 
development time on B-Crowder cultivar. The estimates of (rm) varied from 0.271 on 
IT82 D889 to 0.190 on Balady. The mean doubling time (DT) of aphid populafion on 
these cultivars ranged from 2.68 to 3.65 days at 25°C. The reproductive rate (Ro) 
ranged from 28.42 individuals on IT82 D889 to 15.23 individuals on Tvu-21. Based 
on life table analysis of cowpea aphid populations, it could be concluded that IT82 
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D889 was the most suitable host plant for A. craccivora while development on B-
Crowder was the least suitable. 
Iversen and Harding (2007) studied the basic biological parameters affecting 
the population development of the woolly beech aphid. Phyllaphis fagi L. 
(Homoptera: Drepanosiphidae), under field and laboratory conditions in order to 
obtain information about factors responsible for outbreak situations in forest nurseries. 
In the nurseries, the aphid eggs have found to hatch before budburst. The newly 
hatched nymphs were highly active in searching for feeding places, which resulted in 
higher nymph mortality in the first generation than in the following generations. Ten 
aphid generations were recorded in the nursery during one growing season. In the 
laboratory, development time, nymph mortality, reproduction, and adult lifetimes 
were assessed for P. fagi at four constant temperatures, i.e.. 12°, 15°. 20°, and 25 °C 
through four successive generations. Both temperature and aphid generation were 
found to affect life table parameters. The first generation, hovv'ever, was less 
susceptible to changing temperatures than the following generations. P. fagi 
reproductive effort was more dependent on temperature than on aphid generation. No 
significant difference was found in reproductive effort between apterous and alate 
females. The potential for outbreak situations therefore exists throughout the summer. 
The formation of winged morphs was not restricted to a few generations but rather 
continued for several months, with activity peaking in all years in mid-June. This had 
implications for migration to new seedlings in the nurseries. The highest nn value Vv'as 
obtained at 20°C. Nymphs bom at higher temperatures were sometimes bom 
deformed and unable to sui^ vive. 
Ozder and Saglam (2008) studied the development time, sui-vivoship and 
reproduction of Tuberolachnus salignus (Gmelin)( Lachninae: Lachnini) on Salix alba 
at five constant temperatures (17.5°, 20°, 22.5°, 25° and 27.5°C ). The developmental 
time of immature stages ranged from 17.00 days at 17.5°C to 12.21 days at 25°C on S. 
alba. The total percentage of survivorship of immature stages varied from 50% and 
70% at 17.5° -20°C on S. alba. The largest r^ value occurred with 0.2540 at 20°C on 
S. alba. The mean generation time of the population ranged from 13.595 days at 
22.5°C to 19.60 days at 17.5°C on S. alba. The optimal temperature for T. salignus 
was 20°C. 
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Auad et al. (2009) evaluated the impact of temperature on Rhopalosiphum padi 
(L.) (Hemiptera: Aphididae). The nymphs were reared at 12°, 16°, 20°, 24°, 28°, and 
32°C ± 1°C, RH of 70 ± 10% and 12-hr photophase. Development of R. padi was 
faster with increased temperature, but they did not complete the last nymphal instar at 
32°C. The same pattern occurred for the pre-reproductive, reproductive, and post-
reproductive periods. The highest fecundity rates were between 16°C and 24°C. The 
highest fertility (4 nymphs/female/day) was recorded at 12°C and 20°C. The highest 
net reproduction rates were at 24°C and 28°C, and the time interval between each 
generation (T) and the population doubling time (DT) diminished as temperature 
increased. The finite rate of increase (?t=1.9 nymphs/female/day) and the intrinsic rate 
of increase (r,Ti= 0.64) were greatest at 24°C and 28°C, respectively. There was a 
negative impact on the biology and life table of/?, padi at 32°C, but the range of 12°C 
to 28°C, despite some fluctuations, was favorable for survival and reproduction. 
Merrill et al. (2009) analyzed to develop relationships between temperature and 
reproductive and developmental traits of the Russian wheat aphid, Diuraphis noxia 
(Kurdjumov). Lower and upper temperature reproductive thresholds were calculated 
as 0.6 and 36.9°C, respectively. The lower temperature developmental threshold was 
calculated as -0.69°C. Modeled longevity reached its maximum at 80 days. Meta-
analysis indkates maximum fecundity at 18.5°C, with a maximum fecundity rate of 
2.1 nymphs per day over the nymph positional period. The calculated maximum total 
fecundity was 55 nymphs per female. The maximum reproductive period was 
calculated to be 29.9 d. Compared with other aphid species, as temperature increased, 
the intrinsic rate of increase of Z). noxia increased more slowly relative to Schizaphis 
graminum (Rondani) and R. padi L., but at a similar rate to Sitobian avenae (F.). 
Hazell et al. (2010) reported the survival of aphids exposed to low 
temperatures that strongly influenced the ability of aphids to move within and between 
plants and to survive exposure to potentially lethal low temperatures. The aphids were 
M. persicae, a ubiquitous temperate zone pest, Myzus polaris, an arctic species, and 
Myzus ornatus, a sub-tropical species. Lower lethal temperatures (LLT50) of aphids 
reared at 15°C were similar for M. persicae and M. polaris (range: -12.7° to 
-13.9 °C), but significantly higher for M. ornatus (-6.6 °C). The temperature 
thresholds for activity and chill coma increased with rearing temperature (10°, 15°, 
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20°, and 25 °C) for all clones. For M polaris and M ornatus the slopes of these 
relationships were approximately parallel; by contrast, for M persicae the difference 
in slopes meant that the difference between the temperatures at which aphids cease 
walking and enter coma increased by approximately 0.5°C per 1°C increase in rearing 
temperature. The data suggest that all three species have the potential to increase 
population sizes and expand their ranges if low temperature limitation is relaxed. 
Beers et al. (2010) worked on seasonal abundance of woolly apple aphid 
{Ehosoma lanigerum Hausmann) on commercial orchards. There was a single period 
of crawler migration on the tree trunks each year lasting from 7 to 16 weeks. The peak 
period of crawler activity ranged from early June to late July, although peaks in June 
were more common. In one orchard, peak densities occurred 7 weeks later in 2006 
than in 2005. In all orchards where large numbers of crawlers were caught (up to 
1,420 per band per week), more crawlers were caught in the lower band (migrating up 
from root colonies) than in the upper bands (migrating down from the aerial colonies). 
However, the peak period of crawler migration was similar for root and aerial 
colonies. In contrast, peaks in population densities of aerial colonies were sometimes 
bimodal, usually spanning the period from late May through mid-October; however, 
colonies were detected in mid-April in one orchard. There was no consistent 
relationship between the crawler density and aerial colony density within an orchard; 
this raises challenging questions regarding annual reinfestation of the aerial portions 
of the tree. Nymphs and adults formed 66 and 15%, respectively, of all stages found 
throughout the season. Alates were only found in September and October in orchards 
with fall populations, comprising up to 43% of individuals in aerial colonies. 
Overwintering survival was higher on the root colonies than in the aerial colonies in 
both years this was studied. Fruit infestation by aphids was relatively rare, and 
occurred only when aerial colonies were numerous. 
Obopile and Ositile (2010) used life table and population parameters of the 
cowpea aphids, A. craccivora reared on five cowpea varieties to assess the degree of 
host plant resistance. It was observed that cowpea varieties resistant to A. crqccivora 
would have significant effects on life table parameters of the aphid when compared to 
a susceptible variety. Mean fecundity, age-specific fecundity, and survival rates, 
intrinsic rate of natural increase (r^), pre-reproductive period and relative growth rate 
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differed significantly among varieties. Fecundity, survival, intrinsic rate of natural 
increase and mean relative growth rate were significantly lower on variety 1T835-720-
20 compared to susceptible variety, Black eye. The pre-reproductive period was 
significantly delayed on variety IT835-720-20 compared to other varieties. The 
adverse effects of variety IT835-720-20 on life table parameters of A. craccivora 
indicate the presence of host plant resistance. Prolonged pre-reproductive period and 
reduction in reproductive performance oi A. craccivora on variety IT835-720-20 may 
suggest that antibiosis is the modality of resistance. However, further detailed studies 
that include determination of biochemical and morphological characteristics that 
mediate resistance need to be carried out. iT835-720-20 is, therefore, a promising 
variety with useful genetic resource for cowpea breeding programs aimed at 
developing resistant varieties against A. craccivora. 
Temperature is one of the most important factors that influence the 
development rate of arthropods or rate of its change because the organism requires a 
certain amount of heat to develop from one point in their life cycle to another and 
often expressed in unit called degree days {DD). It provides a valuable tool in 
forecasting infestation, monitoring and timing of insecticide application (Zalom et al., 
1983). Therefore, relationship between temperature and rate of development is thus 
essential to the formulation of phonological models or studies of population dynamics 
of insects. 
Liu and Meng (1999) measured the development period from birth to adult of 
alate and apterous virginoparae of the green peach aphid, M persicae (Sulzer), reared 
on B. campestris sp. chinensis at 13 constant and 5 natural temperature regimes. The 
day degree model, the logistic equation and the Wang model were used to describe the 
relationships between temperature and development rate at constant conditions. The 
constant temperatures and development curves derived from the three models were 
used with a Weibull function describing the distribution of development times, to 
simulate the development of individuals of cohorts reared at natural temperature 
regimes. Comparison of the observed with simulated distributions of adult emergence 
indicates that all three models can simulate the development of M persicae very well 
when the temperature does not go below 4°C with the notional low temperature 
threshold of the day degree model. When accumulation of temperatures below 4°C 
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only the logistic curve with a low temperature threshold of 0°C can offer accurate 
simulations; the other two models gave falsely longer durations of development. 
Liu and Meng (2000) determined the development period from birth to adult of 
virginoparae of the turnip aphid, L. erysimi (Kaltenbach) at 14 constant, 15 alternating 
and 15 natural temperature regimes for simulating aphid development under a wide 
range of natural conditions. The day-degree model, the logistic equation, and the 
Wang model were used to describe the relationships between temperature and 
development rate at constant and alternating temperatures. The three models were then 
used with a WeibuU function describing the distribution of development times, to 
simulate the development of individuals of cohorts at natural temperature regimes. 
Comparison of the observed with simulated distributions of adult emergence indicates 
that all three models can simulate the development of L. erysimi equally well when 
temperature does not go below 6°C (the notional low temperature threshold of the 
day-degree model) or above 30°C. When accumulation of temperatures below 6°C, 
only the logistic curve offers accurate simulations; the other two models gave falsely 
longer durations of development. When accumulation of temperatures above 30°C, the 
logistic curve and the Wang model offer more accurate simulations than the day-
degree model, which tends to produce shorter durations of development. Further 
analysis of the data reveals that development rate of this aphid at a given unfavourable 
high temperature may vary with time. 
Davis et al. (2006) determined the development of green peach aphid, M 
persicae (Sulzer), under high and fluctuating temperatures to what effects an increase 
in mean summer temperatures of 2.5-3.5°C. Green peach aphid developed faster and 
had greater fecundity under fluctuating conditions. The constant temperature model 
failed to predict observed development under fluctuating temperatures {R^ = 0.01). 
Optimal temperature for green peach aphid population growth was 26.7°C. The lower 
and upper developmental thresholds were 6.5° and 37.3°C, respectively. Under 
optimal conditions, intrinsic rate of increase was 0.356, and population doubling time 
was 1.95 days. At optimal fluctuating temperature conditions, one female aphid 
produced 12.2 progeny each week while under the most favorable constant 
temperature conditions; each female aphid produced only 5.9 progeny. Green peach 
aphid was able to survive 1 hr each day above its calculated lethal death point of 
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38.5°C. Green peach aphid would benefit from an increase in mean summer 
temperature (20°C) of 2.5°-3.5°C. 
Dhaliwal et al. (2007) stated the incidence, growth and multiplication of 
mustard aphid are largely influenced by meteorological parameters like temperature, 
relative humidity, rainfall, wind speed and cloudiness. Mean temperature during 
January remained below 13°C during high aphid attack years while it remained above 
13°C during low aphid attack years. The years with low aphid attack were 
comparatively warmer than the years with high aphid attack. Growing degree-days 
(GDD) were accumulated from 1 December for the low and high aphid attack years. 
GDD model indicated that GDD accumulation and aphid attack were negatively 
correlated. 
Berberet et al. (2009) described developmental rates, reproductive rates, and 
infestation patterns of Aphis craccivora Koch on alfalfa-Ok-08 {Medicago sativa L.) 
at 7.2°, 12.8°, 18.3°, 23.9°, and 29.4°C. The same constant temperature treatments 
(except for 7.2°C being raised to 8.3°C) were used to assess the influence of 
temperature on reproductive rates. The developmental threshold temperature for A. 
craccivora was calculated to be 7.1°C, and the thermal constant for development from 
the 1st instar to reproducing adult was 100 DD (°C). The optimal temperature range 
for reproduction on alfalfa was 18°-24°C, with a mean of 82 nymphs produced per 
female. From the initial infestation of three apterae per stem, numbers increased to a 
mean of 510 per stem after 10 days. Plant profiles showed that the greatest numbers of 
aphids were located in middle and lower portions of the plant canopy. On all sampling 
dates, the proportion of aphids on intemodal stem sections was significantly greater (P 
< 0.05) than on petioles and leaf blades. 
One of the great challenges of toxicology is how to assess the total effect of 
toxicants on populations, current methods for determination of toxicant effects are 
based on the measurement of individual mortality (Walthall and Stark, 1997, Ansari et 
al, 2008) but the quality and quantity of food as well as environmental factors 
influence insect susceptibility to insecticides (Singh and Bhattacharya, 2003). Stark et 
al. (1992) studied on the eclosion, longevity, and reproduction of three braconid 
parasitoid species that parasitized tephritid fruit flies exposed to azadiracthin. 
Psytallia incisi (Silvestri) and Diachasmimorpha longicaudata (Ashmead) developed 
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in and eclosed from oriental fruit flies, Dacus dorsalis Hendel, exposed to 
azadirachtin concentrations that completely inhibited adult fly eclosion. 
Diachasmimorpha tryoni (Cameron) also eclosed from Mediterranean fruit fly, 
Ceratitis capitata (Wiedemann) exposed to concentrations of azadirachtin that 
inhibited fly eclosion. Life span of parasitoids that emerged from treated flies were not 
significantly different from controls. Reproduction of P. incisi that developed in flies 
exposed to azadirachtin concentrations of > 20 ppm was reduced to 63-88%. D. 
longicaudata and D. tryoni reproduction was unaffected. 
Stark and Wennergren (1995) carried out demographic toxicological analysis 
as a method to estimate the total effect (lethal and sublethal) of pesticides on 
populations using the neem insecticide, Margosan-0 and the pea aphid, A. pisum 
(Harris), as a model. Population growth of the pea aphid was followed after exposure 
of neonates in the 1^ ' study and adults in the T^ study on broad bean, Viciafava F., 
treated with Margosan-0. For all of the parameters measured, the population exposed 
from birth was affected more than the population exposed as adults. The intrinsic rate 
of increase (rm) for the population exposed from birth became negative when aphids 
were exposed to Margosan-0 at the equivalent of 60 mg/liter (ppm) azadirachtin. 
However, when adult aphids were exposed to Margosan-0 treated plants, rm, was not 
reduced even at rates as high as 100 ppm of azadirachtin. Persistence of Margosan-0, 
measured as mortality half-life, was 5.8 d under the conditions of this study. The 
longer adult aphids survive exposure to Margosan-0 and produce offspring, the less 
pesticide residue will be available to cause damage to these offspring. Adults exposed 
to sublethal concentrations of a pesticide may therefore act as a reservoir for their 
young. They suggested that a stage-structured approach that includes the effect of 
temperature and pesticide persistence would improve the demographic method of 
toxicological analysis. 
Sarao and Singh (1998) studied the sublethal concentrations (LC20 and LC30) of 
malathion and chlorpyriphos on 4"^  instar nymphs of the mustard aphid, L. erysimi 
(Kaltenbach), in four sets of treatments, i.e. aphid treated and plant {B. juncea) 
untreated (A), plant treated and aphid untreated (B), both aphid and plant treated (C), 
both aphid and plant untreated (D). Chlorpyriphos at LC30 significantly enhanced 
fecundity of the aphid, the mean values of offspring per aphid being 95.1 and 92.0 
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under A and C types of treatments as compared to the corresponding value of 81.8 
recorded for the control individuals. Significant prolongation of the reproductive 
period of the aphid was observed under A (26.4 days) and C types (25.6 days) of 
treatments with LC30 of chlorpyriphos in comparision to that recorded for the control 
aphids (23.6 days). The mean values of daily reproduction ranging from 3.38 to 3.53 
and 3.44 to 3.60 at LC20 and LC30 of the insecticides, respectively, ranked on a par with 
their respective control values. 
Kerns and Stewart (2000) reported the sublethal effects of dosages of 
bifenthrin, acephate, carbofuran or pyriproxifen on cotton aphid reproduction. Authors 
could not detect any increase or decrease in the intrinsic rate of increase of cotton 
aphids treated to bifenthrin, acephate or carbofuran. However, there was a substantial 
increase in the net reproductive rate of aphids treated with bifenthrin. Simple linear 
regression models suggest that sublethal dosages of bifenthrin or carbofuran have a 
negative impact on aphid population growth as dosages increased. These data suggest 
that stimulation of reproduction by these insecticides probably does not play a major 
role in cotton aphid outbreaks or resurgence. Pyriproxyfen is a juvenoid currently used 
for control of whiteflies in cotton. Pyriproxyfen caused sterility in most aphids treated 
to dosages exceeding 1 ppm, and reduced aphid longevity by approximately 50%. 
However, it did not appear to greatly influence the reproductive potential or longevity 
of reproductively mature aphids. A field study indicates that pyriproxyfen affects 
cotton aphid population structure and may have potential in managing cotton aphid 
outbreaks. Modifying aphid population structure and growth through the use of 
juvenoids such as pyriproxifen may prove to be an effective proactive approach to 
pest control without adversely impacting beneficial organisms or causing pest 
resurgence. 
Laskowski (2001) studied on the effect of a heavy metal, Cd 100 and 200 mg 
kg"' soil and an insecticide, imidacloprid 4 and 40 g a.i. ha"' on pea aphid that revealed 
significant effects of both chemicals on life history traits and population dynamics. 
Substantial differences in the action of the two chemicals and between the two doses 
of imidacloprid were observed. The pesticide caused high mortality at the beginning 
of the experiment; however, some aphids were able to live for as long as control 
insects. In contrast, Cd-induced mortality was low at the beginning but increased 
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during the experiment. Analysis of data collected during the first 10 days of the 
experiment, the first 20 days, or for the whole life-time of the cohort gave different 
results. While highly significant effects of imidacloprid were detected already after 10 
days of the experiment, Cd treatment resulted in no effect for this time of exposure. 
Higher dose of imidacloprid decreased growth and development rates along with 
delayed reproduction 9"^  or lO"" day. In contrast, the aphids treated with the low dose 
of imidacloprid and with both concentrations of Cd started their reproduction at the 
same day as untreated insects 6th or 7th day, but the reproduction tended to cease 
earlier. 
Marcic (2003) studied the sublethal effects of the growth inhibitor, clofentezine 
on life-table parameters of Tetranychus urticae Koch. Females treated at different 
developmental stages with a concentration caused >90% mortality. Females which 
survived treatment as 'early' (0-24 h old), eggs produced 12% more offspring than the 
untreated females during the first five days of oviposition. This resulted in a 
significant rise in the intrinsic rate of increase (r,n) to 0.324 as compared to 0.299 in 
the untreated females. This effect may be interpreted as hormoligosis. Clofentezine 
treatment at any other developmental stage of T. urticae significantly decreased both 
longevity and fertility of female survivors. Females which survived treatment either as 
Tate' (72-96 h old) eggs or larvae had 2.6 times lower net reproductive rate (RQ) than 
the untreated females, and the rm values were significantly lower: 0.242 and 0.215, 
respectively (0.285 in the untreated females). Females which survived treatment either 
as protonymphs or deutonymphs had 3.9 times and 6 times lower RQ, respecfively. 
Corresponding r^ values were 0.178 and 0.146, respectively (0.247 in the untreated 
females). The clofentezine treatment at all stages influenced the age distribution of 
survivors. 
Ahmed et al. (2007) determined the effectiveness of azadirachtin, the acdve 
ingredient of neem extract at two produced formulations (neem azal T/S and neemix) 
against mature and immature stages of bean aphid {A. fabae Scop.). Three tested 
concentrations of azadirachtin (1.0, 2.0 and 2.5 ^1/100 ml water) of both products 
were used. Adult and nymphs toxicity were evaluated using two different application 
techniques (contact and systemic). Effect of neem products on reproduction of adult 
aphids, developmental rate of bom nymphs and maturafion percentage were studied. 
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Both products caused marked effects on adult aphid when used as systemic 
insecticides, while no toxicity was observed when used as contact poisons. Toxicity of 
the tested products to nymphs increased according to concentration and exposure time 
and the efficiency of neemix was clearly observed at all compared parameters. 
Systemic technique was more effective than the contact one at both products. 
Phytotoxicity was clearly observed at higher concentrations than 2.0|il/100 ml water 
of neemix and exposure time longer than two days at systemic experiment, while 
neem azal T/S gave no phytotoxicity at all. 
Lashkari et al. (2007) determined the effect of imidacloprid and pymetrozine 
on population growth parameters of cabbage aphid, B. brassicae L. using 
demographic toxicology by leaf dip method. Net fecundity rate decreased in both 
insecticide treated populations. Intrinsic rate of increase (r^) was lower in 
imidacloprid and pymetrozine treatments than in controls. Intrinsic birth rates also 
decreased in treated populations. There was a relative increase in intrinsic death rates 
of treated populations. The mean generation times and doubling time were also lower 
in populations treated with insecticides than in controls. There was a considerable 
reduction in the average numbers of nymphs reproduced per female as compared with 
the control. The average longevity of female adults in the control was significantly 
different from those treated with imidacloprid and pymetrozine. However, there were 
no significant differences in aphid life table parameters between the two insecticides 
treated populations {P > 0.01). 
Marcic (2007) evaluated the effects of spirodiclofen on life history and life-
table parameters of two-spotted spider mite (T. itrticae Koch). Females treated at pre 
ovipositional period with a series of acaricide concentrations starting with the 
concentration discriminative for eggs and immatures i.e. the lowest concentration that 
causes 100% mortality of those stages. After a 24 hr exposure, the proportion of 
females that survived treatments was 0.71 (6 mg/1), 0.51 (12 mg/1), 0.41 (24 mg/1), 
0.30 (48 mg/1) and 0.25 (96 mg/1). At the end of the trial, the survival rate of females 
treated with the lowest concentration was significantly lower than the survival rate of 
untreated females but it remained above that of females treated with higher 
concentrations. Total fecundity/fertility significantly decreased as concentrations of 
spirodiclofen increased. Viable eggs were laid by females treated with 6, 12 and 24 
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mg/1, and total fertility was reduced by 42, 84 and 97%, respectively. Compared with 
control, the gross fecundity/fertility of the treated females was significantly reduced 
throughout the trial, except in females treated with 6 mg/1. All concentrations caused a 
significant reduction in the net fecundity/fertility throughout the trial. The females 
treated with 12 mg/1 had significantly reduced net reproductive rate (RQ = 6.45), 
compared to females treated with 6 mg/1 (RQ = 23.35) and to untreated females (Ro = 
28.92); there was no significant difference between the last two treatments. The 
intrinsic rate of increase (r^) and finite rate of increase (k) were significantly reduced 
in treated females (rn, = 0.141, I = 1.156 and r^ - 0.214, I = 1.232; 12 and 6 mg/1, 
respectively), compared to control (rm = 0.251, 1 = 1.276). The reduction was 
significantly greater in females treated with the highest concentration. As a result of 
the lowered rm the doubling time in treated females was significantly extended. 
Rezaei (2007) studied imidacloprid, propargite, and pymetrozine on the 
common green lacewing, Chrysoperla carnea (Stephens) using the lOBC-system and 
the life table response experiment. Residual glass plate bioassays were carried out 
using two day old larvae at the Iranian maximum field recommended rate of each 
commonly used pesticide. All three tested pesticides produced significant adverse 
effects on pre-imaginal survival (/'<0.01). Imidacloprid had no significant effect on 
fecundity, but propargite and pymetrozin caused significant reducdons (P<0.05). 
According to the lOBC classification, imidacloprid was found to be harmless (E = 
27.44%); propargite (E = 49.78%) and pymetrozine (E = 66.9%) were slightly 
harmful. Life table assays revealed that imidacloprid and propargite had no significant 
effects on the intrinsic rate of natural increase, while pymetrozine caused a 34% 
reduction in r^ value (P< 0.05). Propargite was non-toxic to C. carnea under the tested 
conditions. Sublethal concentrations (LC25) of six insecticides (imidacloprid, rotenone, 
fenvalerate, abamectin, pirimicarb and azadirachtin) on fecundity of the green peach 
aphid, M. persicae (Sulzer) were studied by Wang et al. (2008). Aphid reproducfion 
reduced by 44.29% and 54.01% when rotenone and abamectin treatments were 
applied at sublethal dose, respecfively, and sublethal fenvalerate applicadon resulted 
in maricedly lower average reproduction per female per day compared with control. 
Reproductive duration of aphid treated with abamectin significantly decreased by 
44.19%. Life table parameters also demonstrated that the six insecficides at sublethal 
32 
doses did not stimulate the aphid reproductive potential. In the laboratory, after being 
treated to sublethal doses of imidacloprid and fenvalerate, the proportions of alate 
progeny in aphid progeny were significantly higher than that of the control. In the 
greenhouse, percentages of alate offspring from the mother aphids treated with 
imidacloprid, fenvalerate and abamectin increased pronouncedly as compared with 
control. Mortality rates of offspring in the nymphal stages from adults treated with 
insecticides revealed no significant changes between laboratory and greenhouse. The 
developmental time in days of the offspring varied in all treatments. 
Ansari et al. (2008) determined total effect of imidacloprid on development of 
P. xylostella. Lcso of imidacloprid on 3*^^ instar larvae was ascertained and 3"^  larvae 
were then fed on cauliflower leaves impregnated with 0.002 percent of imidacloprid. 
Life table was constructed on the surviving adults obtained from treated 3' instar. The 
net reproductive rate (RQ) of surviving aduh was 8.47 females/female in comparison to 
10.99 in untreated control. The potential fecundity (Pf) was significantly decreased to 
166.5, whereas intrinsic rate of increase {x^) was 0.073 females/female/day as 
compared to 0.09 in untreated control. Mean length of generation (Tc) and corrected 
generation time (T) was prolonged to 28.90 and 29.26 days, respectively. While 
doubling time (DT) was increased to 9.49 days in comparison to 7.7 days in untreated 
control. 
Yin et al. (2009) assesed sublethal effects of spinosad against P. xylostella (L.) 
(Lepidoptera: Plutellidae) by using a demographic approach. The resulting data were 
analyzed based on the age-stage and two-sex life table models. Bioassay results 
showed that the susceptibility of P. xylostella to spinosad decreased in Sub strains 
selected by LC25 spinosad for 10 generations. Although the egg size was significantly 
smaller in Sub-1 (selected by LC25 spinosad for one generation) compared with 
spinosad-susceptible strain SS, egg size recovered to normal levels in Sub-5 (selected 
by Lc25 spinosad for five generations) and were even larger in Sub-10 (selected by 
Lc25 spinosad for 10 generations). The life-history parameters changed in the Sub 
strains of different generations. Sublethal spinosad had a significant effect on Sub-1; 
however, the sublethal effect on the Sub strains decreased as selection cycles 
increased. The intrinsic rate of increase (tm), finite rate of increase (k) and net 
reproductive rate (R<,) in Sub-1 were significantly decreased as compared with those in 
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the SS strain. No significant differences were found between the Sub-5 or Sub-10 
compared with the SS strain. The greatest difference was observed in the total number 
of eggs laid by each female, i.e., the fecundity. The fecundity in SS, Sub-1, Sub-5, and 
Sub-10 were 121.92, 81.26, 114.42, and 159.21, respectively. The life expectancy of 
an SS, Sub-1, Sub-5, and Sub-10 egg was 10.58, 8.71, 10.21, and 7.45 d, respectively. 
Ram and Gupta (1987) studied the effect of weather conditions and dates of 
planting (October, 13, 23 and November, 3, 13) on the incidence of mustard aphid, L. 
erysimi (Kalt.). The results indicated that 21.4-22.8°C (maximum),. 5.9-7.6°C 
(minimum) temperature and 80.2-83.8% (F/N) and 31.2-40.9% (A/N) relative 
humidity were congenial for the development of aphid population. Mild winter 
showers (around 2.0 mm) and cloudy weather conditions caused in boosting up of 
aphid population, whereas, heavy winter shower (around 10.0 mm) dislodged the 
aphid population and followed sudden decline in temperature curtailed the further 
build up of population. Incidence of aphid was minimum on 23"* October sown crop. 
This crop also gave maximum seed yield. 
Islam et al. (1991) recorded a very minimum and/or no aphid, L erysimi 
(Kaltenbach) from 15 October to 5 November sowing time. But a very high aphid 
population was found on 4 December sown crop. The highest plant infestation was 
30.10%) which was sown on 11 December than the other sowing times. Regarding the 
crop yield, 12 November sowing gave about 18 times more yield than the 11 
December sowing. Verma et al. (1993) reported that the effect of time of sowing on 
the incidence of Z. erysimi and its parasitoid D. rapae on yield on 'Varuna' variety of 
mustard that was sown on 5 different dates (29"" September, 29"' October, 28"^  
November and 28''' December 1980 and 27''' January 1981). The aphid remained 
active from the 1^ ' week of November, 1980 to the end of March 1981. The maximum 
aphid population (270/10 cm apical twig) was recorded on the crop sown on 28 
November 1980. The parasitoid remained active from 30 December to 10 February, 6 
January to 10 March, 20 January to 17 March and 17 February to 24 March, 
parasitizing 12.5, 19.4, 40.9 and 74.0%) of aphids for the October, November, 
December and January sown crops, respectively. Aphid parasitism was zero for the 
crop sown on 29 September, 1980. However, Akhter et al. (1999) studies the effects 
of 4 sowing dates of mustard {B.juncea var. Daulat), starting from SO"' October at two 
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week intervals which were assessed to detect the mechanisms of pseudo-resistance 
against mustard aphid, L. erysimi in a repHcated field trial and laboratory analysis. 
Early sowing in late October revealed an increased asynchrony between aphid-
preferred crop growth stages with an optimum temperature regime (I5.8°C). Early 
sowings resulted in a reduction of either or both of the aphids' reproductive investment 
and infestation level leading to a significant increase in seed yield. Yield showed a 
linear negative relationship with infestation level expressed as a product of percent 
infested plant and intensity of infestation. 
Singh et al. (2000) found the economic injury level of L. erysimi on Varuna 
was 28.33 aphids/10 cm terminal shoot and an infestation level of 36.91%, indicating 
an index value of 0.63. The aphid density, infestation level and index values for 
Rohini were 28.09 aphids/10 cm terminal shoot, 36.63% and 0.62 and for Vardan 
27.82 aphids/10 cm terminal shoot, 34.35% and 0.60, respectively. The economic 
thresholds of I. erysimi were 15.61, 22.08 and 19.49 aphids/10 cm central shoot of 
Varuna, Rohini and Vardan, respectively, at the infestation levels of 33.56, 34.75 and 
32.07%) with indices of 0.55, 0.55 and 0.51, respectively. The average yield losses for 
Varuna, Rohini and Vardan were 21.58, 20.18 and 17.32%), respectively, with a 
reduction in oil content of 2.29, 1.87 and 1.46%, respectively. Singh et al. (2000) 
grown 9 genotypes and their 36 Fl hybrids under late sown conditions. Data were 
collected on resistance to mustard aphid, based on average colony size at 15-day 
intervals from 10 January to 24 February and on seed yield and biochemical 
characters after harvest. Analysis of genetic components of variation indicated that the 
characters studied were regulated by both additive and non-additive gene effects. 
Correlation coefficients revealed that glucosinolate content showed significant 
antagonistic relationship with mustard aphid colony size at each of the sample dates. 
Total sugar content was found to have significant association with colony size. None 
of the biochemical characters exhibited significant linkage with seed yield per plant. 
Mar et al. (2000) recorded the population dynamics and economic status of the 
aphid, L. erysimi on Indian mustard {B. juncea) cv. Varuna (sown on 13 November 
1993 and 27 October 1994). Aphids appeared during 2"'' half of January with an initial 
aphid density of 2.80 aphids/plant on 53.33% of plants, and a 0.60 aphid index (Alx) 
on 66 days old crops in 1993-94; the respective values for the same week during 
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1994-95 were 1.33 aphids/plant on 40% of plants and 0.43, and AI on 82 day old 
crops. The aphid population rapidly decreased to zero in late February/early March. 
The appearance of Coccinellid predators in the later half of February appeared to play 
an important role in decreasing the pest population. Increase in the aphid population 
were positively correlated with temperature and negatively correlated with relative 
humidity and wind velocity. The following conditions were conducive for the aphid: 
temperature between 11.42° to 25.14°C, relative humidity of 84.10% in the morning 
and 57.57% in the evening and wind velocity below 3.0 km/h. The calculated 
economic injury level was 28.33 aphids on 36.91%) of plants with 0.63 AIx. The 
economic threshold was estimated as 15.61 aphids on 33.56%) plants with 0.55 Alx. 
The average loss in seed yield was 21.58%. Plant height, branching, test weight, oil 
content and viability of seeds were negatively affected by L. erysimi infestation. 
Biswas and Das (2000) reported the population dynamics of the mustard aphid, 
L. erysimi on 15 genotypes of mustard (B. jimcea, B. campestris and B. napus) in 
relation to the prevailing weather factors. The first aphid infestation on mustard was 
noticed in the first week of January in 1997 while in 1998, it was noticed in the 3"^  
week of January. The aphid population build-up was noticed during January-February, 
reaching the peak on the 8"" February in both 1997 (98.26 aphids/plant) and 1998 
(76.22 aphids/plant). Among the fifteen genotypes, Nap-8901 suffered the highest 
aphid infestation (45.87 aphids/plant) while the lowest aphid infestation (21.18 
aphids/plant) was recorded from BC-1592. The ambient sunshine (5.76 to 8.60 h) and 
the maximum temperature (23.66° to 25.37°C) during January-February appeared to 
be the conducive factors for aphid multiplication. Relative humidity (RH) ranging 
from 62.00 to 74.28%) during January-February was congenial for aphid population 
build up, while the activity of aphids ceased at 52.43%) RH and below. 
Karmakar (2003) studied the incidences of insect pests, natural enemies and 
yield performances of 4 promising cultivars (B-9, NC-1, RW-351 and PGS-1004) of 
rape and mustard, sown on 21 November, 7 December and 21 December. Mustard 
aphid, L. erysimi, was the major pest causing substantial yield losses in both early and 
late-sown crops, while flea beetle {P. cruciferae), mustard saw fly (A. lugens proximo 
[A. lugens]) and cabbage butterfly {P. brassicae) were considered as minor pests. The 
lowest aphid population was recorded on PGS-1004. Although good numbers of 
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Menochilus sp. and Coccinella sp. were found to feed on aphids, they were never 
found to dominate the aphid population. All cultivars showed higher yield (11.86 
q/ha) performances at the second date of sowing than at the first and third dates of 
sowing (8.48 and 8.88 q/ha, respectively). 
Ansari and Hussain (2003) recorded 25 Brassica germplasm against mustard 
aphid, L. erysimi where ten were classified as moderately susceptible, 9 susceptible 
and 6 highly susceptible. Roy and Baral (2003) studied the effect of interaction of 
different genotypes of rapeseed-mustard with mustard aphid, L. erysimi (Kaltenbach). 
It was observed that population of mustard aphid increased gradually from first 
standard week reaching its peak during sixth standard week irrespective of varieties. 
The variety, RW white flower glossy stem harboured maximum number of aphids in 
comparison to other two varieties, B-9 and T-6342. Interaction between years and 
weeks indicated that there was a differential response of aphid population in different 
weeks and years. Takar et al. (2003) evaluated was 20 varieties/entries of mustard 
which against mustard aphid. Based on aphid population, the varieties/entries, T-59 
(Varuna), BIO-902, PCR-7 (Rajat) and DLM-29 were found highly resistant (below 
70.45 aphids/plant), varieties/entries, Kianti, Pusa Bold, Rohini, VSL-5, BIO-772, 
DLM-58, Brani, RH-8113, Pusa Basant, DLM-80 and DLM-68 were found 
moderately resistant (between 70.45 to 116.51 aphids per plant) and varieties/entries 
DLM-75, M-21, AG-5, DLRA-343 and P. Lord were found least resistant, having 
more than 116.5! aphids/plant. 
Patel et al. (2004) assessed the yield losses in mustard due to mustard aphids 
grown in different thermal environments under protected and unprotected conditions. 
The crop was sown on 5 dates i.e. 08, 18 and 28 November and 08 and 18 December 
during winter seasons of 1995-96, 1996-97 and 1997-98, respectively. It was observed 
that yield attributes and yield of mustard was significantly decreased in delayed 
sowing even under protected conditions. On an average maximum seed yield of 1409 
kg/ha was harvested when the crop was sown on 08 November under protected 
condition, while only 279 kg/ha seed yield was recorded under unprotected condition. 
Similarly the yield attributes and yields drastically reduced under unprotected 
condition as compared to protected one in all the thermal environments. On the mean 
basis 80.6, 81.4, 95.2 and 97.6 percent yield loss was observed under unprotected 
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condition as compared to protected condition in 08, 18, 28 November and 08 and 18 
December sowing, respectively. It was also observed that the critical period of 
mustard exposure to aphids was found to be the 3'^ '' week after aphid appearance when 
the crop was in flowering stage and hence the control measures have to be initiated 
before flowering. There was not much difference in natural aphid population/plant in 
the crop sown up to end of November while the aphid population increased suddenly 
in December sown crop. 
Verma et al. (2005) conducted a field experiment on 16 mustard cultivars (15 5. 
juncea and one B. nigra) for their resistance to the mustard aphid, L. erysimi. Aphid 
infestation index (Aii, 0-5 scale) was calculated at full flowering and full pod 
formation stages. Banarsi Rai and Rohini were considered highly resistant to aphid 
infestation, with Aii of 0.56-0.67 and 0.79-0.69 in 2001-02 and 2002-03, respectively. 
RK-819, Krishna, RK-9304, RGN-19, RK-9801, RK-90, Basanti, SBG-51, Urvashi 
and MLN-157 were moderately resistant, with Aii of 2.1-2.95 in both years. Varuna, 
Vaibhav, Vardan and UPN-9 were susceptible, with Aii of 3.8-3.3, 3.8-3.0, 3.4-3.0 
and 3.3-3.0 in both years. 
Dey et al. (2005) evaluated 194 cultivars/varieties of rapeseed and mustard 
comprising of 132 oiB. juncea, 20 of 5. rapa (Toria), 1 oiB. rapa (brown sarson), 12 
of 5. rapa (Yellow sarson), 12 of 5. napus, 9 of B. carinata and 8 oi Ervca sativa 
were evaluated for mustard aphid, L. erysimi (Kalt.) under field conditions. Due to late 
arrival of I. erysimi on the crop the aphid infestation was less at flowering stage of the 
crop but increased later on. All the cultivars were infested with light to moderate level 
of aphid infestation. Cultivars of S. rapa were more susceptible to L. erysimi. 
Takar and Jat (2005) reported that the effect of date of sowing on the incidence 
of mustard aphid, L. erysimi (Kalt.) on mustard {B. juncea Linn.). The infestation was 
least on early sown (10 October, 2000) crop as compared to the late sown (30 
October, 2000). Higher yield was obtained in the crop sown on 10 October and the 
crop sown after this date had drastic reduction in yield. 
Ansari et al. (2007) observed that natural appearance of mustard aphid on 
Brassica germplasm occurred on 11"" January (60 DAS) and disappeared after 2" 
March (110 DAS). The peak aphid population was found at a maximum, minimum 
and average temperature of 23.37°, 6.87° and 15.76°C, respectively and means 
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relative humidity of 54.75% on lO"' February at 90 DAS. Then, dechne in aphid 
population and simultaneously increase of Coccinella was at 100 and 110 DAS, 
respectively. Maximum and average temperature showed as positively non-significant 
effect while minimum temperature caused negatively non-significant on the 
population of aphid. However, relative humidity had a negative effect. Low 
temperature could not have any regulatory effect caused by coccinellid on the 
incidence of this pest. 
Dhaliwal et al. (2008) assessed the yield losses due to mustard aphid (I. 
erysimi) in Indian mustard {B. junced) sown on different dates. The crop was sown on 
5 October, 30 October and 25 November during 2004-05 and 2005-06 but crop was 
sown on 30 October and 25 November during 2003-04. Yield attributes and seed yield 
decreased significantly with delay in sowing under both protected and unprotected 
condifions. On an average maximum seed yield of 1898 kg ha-1 was recorded when 
the crop was sown on 5 October under protected conditions as compared to 1768 kg 
ha-1 in unprotected conditions. Yield attributes and seed yield decreased drastically 
under unprotected condifions as compared to protected conditions under different 
sowing dates. Yield losses due to mustard aphid were highest (82%) during third date 
of sowing in 2004-05. 
Sinhamahapatra and Kumar (2009) seven genotypes selected for aphid 
resistance and high yield under late sown condition, two early genotypes and one 
suscepfible check were sown in split split-plot design with two replications in tv/o 
dates of sowing and two protection levels. Screening was done on the basis of ratio of 
yield unprotected to yield protected, and on the basis of regression of yield 
unprotected to yield protected. The variance of yield unprotected/yield protected was 
significant at both the dates of sowing implying that genotypes differ significantly in 
their level of resistance. The regression analysis showed that a few genotypes tend to 
lie consistently above the line indicating their resistance to aphid. Significant variance 
of deviafions indicated that genotypes did differ significantly in their levels of 
resistance. 
Coccinella septempunctata (Coleoptera: Coccinellidae) is an aphidophagous 
beetle that feeds upon aphids; such as L. erysimi, B. brassicae, A. pisum, Schizaphis 
graminum, Hydaphis coriandri, A. gossypii, Melanaphis sacchari and R. maidis 
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infesting mustard, cabbage, cauliflower and wheat (Indu and Chatterjee, 2006). 
Therefore, can be used as an effective bio-control agent. Roy (1976) studied the 
biology of C. repanda Thnb. {transversalis F.), a predator of L. erysimi (Kalt.) on 
mustard at 20°C and 70% RH. Pre-oviposition period is about 5 days and most of this 
time being spent in mating, and the eggs were laid 24 h later on the lower surface of 
the mustard leaves, at a rate of 100-120 eggs/female in the laboratory while in the 
field, fecundity was higher. The larvae hatched after 7-10 days and the total larval 
stage lasted 21-22 days, during which an average of 90 aphids was consumed by each 
larva. The pupal stage lasted 7-10 days and the adults lived for 20-30 days. These 
findings indicate that C. repanda is not very effective in controlling aphids but the 
rearing temperature used, which was favourable to L. erysimi, may not have been 
entirely suitable for the predator. In the field, C. repanda is known to be effecfive 
when populations of both species are high but the predator population is also known to 
be still low in late January when the pest populations reached a peak. 
Chaudhari and Ghosh (1982) reported that C. repanda Thnb. {transversalis F.) 
reported to keep populations of the aphid down during the fruiting period. Endosulfan 
at 0.04% and demeton-methyl (methyl-demeton) at 0.025%), appeared to be safer for 
the predator than were sprays of monocrotophos, phosphamidon, thiodicarb (UC-
51762) or vamidothion. 
Rana et al. (1995) studied C. septempunctata, a potential predator of L. erysimi 
that first appeared on mustard during the month of December with numbers increasing 
to 10.70/plant up to the end of December, i.e., during standard week of 52. After this 
time, the predator population fell and up to the end of January (standard week 4) 
became negligible which was mainly due to the low temperature. The population 
increased again in February (standard week 8) when the average population was 11.90 
and 18.00/plant in 1988-89 and 1989-90, respectively, which contributed in 
decreasing numbers of I . erysimi from 2442.32 to 224.91/plant. 
Singh et al. (1994) reported that predatory capacity of adults of C. 
septempunctata (78-80 nymphs) was greater than that of larvae (56-57 nymphs). Older 
larvae consumed more aphid nymphs per day than the younger larvae. However, 
Srivastava and Omkar (2003) reported that 30°C was the most suitable temperature for 
C. septempunctata. Predation of C. septempunctata (Linn.) on mustard aphid, L 
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erysimi (Kalt.) was studied by Gour and Pareek (2003) and found that adult devoured 
aphids ranging from 120.14 to 144.29 (average 132.32) and 151.18 to 179.33 (average 
165.27) per day, respectively. 
Rana (2006) reported the response of C. septempunctata and M. sexmaculatus 
was dependent upon density and time of appearance of their prey. Aphid appearance 
was highly dependent on the phenological stage of the host plant. It appeared earlier in 
rapeseed, B. campestris var. BSH-1 than mustard, B.juncea var. RH-30. The ladybird 
beetle eggs were observed in the last week of January, 4-5 weeks before the maximum 
aphid population. A correlation between aphid number and the abundance of 
ladybird's life stages (egg, larva and adult) on these host plants revealed that the egg 
and larval density was positively correlated to aphid numbers. Adult beetles, however, 
did not show significant positive correlation with the numbers of aphids. Indu and 
Chatterjee (2006) showed maximum population C. septempunctata during August-
September and March-April, while the minimum population prevailed during 
December-February. In the absence of the lady bird, C. septempunctata, the aphids 
showed enormous population built up in May and June. The minimum number of 
aphid nymphs was in April and November, when the predators were in abundance, 
viz. 13000-14000. 
Bilashini et al. (2007) reported that the role of predator, C. septempunctata in 
regulating the field density of the Brassica aphids, L. erysimi (Kalt.), M. persicae 
(Sulzer) and B. brassicae (Linn.) for two cropping seasons on rapeseed, B. juncea cv. 
M-27. The numerical density of the predator was observed to increase in response to 
increase in density of aphid prey in the field. The correlation and analysis showed a 
significantly positive correlationship between the predator and two aphid species viz., 
L. erysimi and M. persicae, but non-significant positive relationship was observed 
with B. brassicae. In the laboratory, prey preference of C. septempunctata was in the 
order L. erysimi, M. persicae and B. brassicae. 
Diaeretiella rapae is the most common parasitoid (black wasp) of aphids. This 
species prefers aphids from Brassica plants, although they have been observed on 
vv'heat (Zuniga, 1982). Drastic changes occurred in the host after infestation by 
parasitoid and finally host is converted in to mummy and dies, causing cent percent 
mortality. Its effect is more serious in Northern Uttar Pradesh. Among its natural 
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enemies, D. rapae, checks its fast multiplication upto some extent, though, it appears 
slightly late. 
Men and Kandalkar (2001) reported the Indian mustard cv. Varuna, was 
observed to be heavily infested by the aphid, L. erysimi, during the T' week of January 
as well. Large numbers of aphids were mummified, D. rapae and the percentage of 
mummified aphids varied between 20 and 91.62, with a mean of 66.68%. Mussury 
and Femandes (2002) evaluated the occurrence of Z). rapae parasitising L. erysimi and 
B. brassicae on {B. napus) through two sample methods. The aphids population was 
observed from initial to the senescence plant development. Aphids were more 
abundant during the flowering phase, and they were usually located in the stems of the 
inflorescence and development fruits. In this phase the largest parasitism level for D. 
rapae (89.7%) occurred. The sample method with a sweep net captured significantly 
(t=4.484, P< 0.01) more D. rapae while sacking method captured more parasitise 
aphids (t=2.199 with /^<0.05) and active aphids (t=3.513, P<0.01). 
Dogra et al. (2003) indicated that D. rapae appeared the 2"'' week of January on 
L. erysimi. Maximum parasitization (51.07%) was recorded in the 2" week of March 
when mean maximum temperature, mean minimum temperature and relative humidity 
was 22.5°C, 10.3''C and 36%), respectively. Temperature, relative humidity and rainfall 
had no significant impact on the population buildup of both L. erysimi and D. rapae. 
Bayhan et al. (2007) reported that parasitism rate of Z). rapae could be influenced by 
the plant quality, probably due to the nutritional status of the aphids or to toxic 
compounds ingested through the plant. Cabbage, cauliflower and broccoli were found 
to be suitable plants for the parasitoid, considering the development time of pre-adults 
and the parasitization rate of Z). rapae on B. brassicae. 
Stark and Acheampong (2007) studied that the cabbage aphid, B. brassicae 
(Linn.) and the green peach aphid, M persicae (Sulzer) are both suitable hosts for the 
aphid parasitoid, D. rapae (Mcintosh). D. rapae prefers B. brassicae because it 
oviposits more frequently and produces a significantly higher percentage of progeny 
in B. brassicae. Net replacement rate, birth rate, intrinsic and finite rates of increase 
were all higher in D. rapae that developed in M. persicae than in B. brassicae. 
Although generation time was slightly shorter for D. rapae reared on B. brassicae 
than on M. persicae, doubling time was also shorter for D. rapae reared on M. 
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persicae as compared to B. brassicae. A population model based on demographic data 
indicated that D. rapae populations would grow much faster when developing on M. 
persicae as compared to B. brassicae. Because D. rapae reared on M persicae had 
higher intrinsic rates of increase and shorter doubling time than when reared on B. 
brassicae, M. persicae is a better host for this parasitoid at least under the 
environmental conditions of this study. 
Intercropping provides an ecological approach in pest management and affect 
the pest by microclimate through changes in crop canopies (Bach and Tabashnik, 
1990, Wu et al, 1999) and increase natural enemies (Risch, 1981, Khan et ai, 1997). 
Use of intercropping provides an excellent opportunity of pest management in an 
ecological approach by bringing about changes in crop geometry and cropping system, 
which is also environmentally acceptable and economically relevant to sustainable 
production practices (Andow, 1991, Theunissen, 1994). Intercropping may reduce the 
pest population through increased parasitoid and predator population (Tiwari et ai, 
2005). Intercropping with a variety of crops is the most widely used farming technique 
which offered viable measure for reducing the predominance of insect pests species in 
the field (Tingey and Lam.ont, 1988, Mote et al., 2001, Nath and Singh, 2004, Goel 
and Tiwari, 2004) as well as higher density of predators and parasites (Khan et al., 
1997, Kumari and Yadav, 2005). Incidence of mustard aphid, L. erysimi varied 
significantly on different stages of crop growth as well as mustard based cropping 
system (Ali and Ansari, 2008). 
Singh and Kothari (1997) determined the effect of intercropping with aromatic 
plant species on the incidence could of L. erysimi on B. juncea that provide an 
environmentally safe method for aphid control. Aphid infestation on monocrop 
mustard (Rohini) was compared with intercrop treatments of artemisia {Artemisia 
annua L.), coriander {Coriandrum sativum L.), chamomile {Matricaria chamomilla 
L.), fennel {Foeniculum vulgare Mill.) and dill {Anethum sowa Kurz). Result showed 
that fennel was significantly effective as compared other intercrops. 
Kumar et al. (1999) conducted a field trial when mustard intercropped with 
maize, peas, wheat, Cicer arietinum and suntlower on the infestation of L. erysimi. 
Lowest aphid population was observed in mustard crops grown with C. arietinum and 
the maximum population was observed with sunflower. Highest yield was observed 
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when intercropped with C. arietinum and lowest was with wheat. Mishra et al. (2001) 
studied the effects of sowing date (5, 15 and 25 October) and intercrop (wheat, barley, 
C. sativum, gram [Vigna sp.] and fenugreek) on the yield of Indian mustard and the 
incidence of L. erysimi. The early sown crop (5 October) had the lowest L erysimi 
population (40.31/10 cm of top shoot) and highest yield (13.20 q/ha). Among the 
intercropping systems, only Indian mustard + gram registered lower mean pest 
incidence (24.61) than the sole Indian mustard (25.50). Goel and Tiwari (2004) 
determined that mustard was intercropped with potato, wheat, gram, linseed, 
fenugreek and coriander or grown as a sole crop while, L. erysimi nymphs and adults 
were counted from 10 randomly selected plants in each plot at weekly intervals from 
89 to 117 days after sowing. Aphid population (per 10 plants) was lowest when 
mustard was intercropped with coriander, followed by linseed, fenugreek, gram, wheat 
and potato. The maximum aphid population was recorded when mustard was grown as 
a sole crop. 
Lasker et al. (2004) reported 12 dates of sowing at weekly intervals, starting 
from the 1^ ' week of October till the last week of December and their effect on the 
incidence of the mustard aphid, L. erysimi, and seed yield. Although, early sown crop 
attracted lower number of aphids yet the grain yield was maximum in crop sown 
during the P' week of December. Intercropping of mustard with various other winter 
season crops (wheat, barley, radish, fenugreek, spinach, coriander, pea and fennel), 
sown at 2:1 ratio, resulted in lower incidence of the aphid except in mustard + radish 
combination in which the incidence was at par with sole crop of mustard; the 
minimum incidence was found in mustard + wheat, which was at par with mustard + 
barley combination. Economic analysis of the yield data pointed out that although 
seed yield was significantly higher in sole crop of mustard yet the sale proceeds of the 
intercrops gave additional monetary returns which accounted for 2.39-3.62 times 
higher return than that from sole crop of mustard, being highest in mustard+spinach 
intercrop. 
Tiwari et al. (2005) found the effect of intercropping Indian mustard with 
potato, coriander, chickpea, wheat, linseed and fenugreek on the incidence of the 
major insect pests, i.e. mustard aphid (I. erysimi), flea beetle {P. cruciferae) and saw 
fly {A. proxima) and on the yield of mustard as sole crop and with intercrops. The 
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lowest aphid population was recorded in mustard grown with coriander and the 
maximum population was observed on mustard as sole crop. Flea beetle incidence was 
minimum on mustard intercropped with linseed and maximum when sown with 
potato, while saw fly population was mustard sown with potato and maximum on 
mustard as sole crop. In monetary terms, the yield of mustard + linseed was 
maximum, while a minimum return was recorded for mustard + wheat. Vaidya and 
Banskota (2005) studied the impacts of intercropping upon two insect pest species L 
erysimi and M persicae attacking cole crop like cauliflower {B. oleracae) and 
intercropped with fenugreek {Trigonella foenum-graecum), coriander (C. sativum) and 
dill {Anethum gaveolens). Population of aphids (L. erysimi) was found to be least in 
cole crop inter planted with coriander. Fenugreek caniQ as second that helped in 
control of aphid 
Sarker et al. (2007) conducted the effect of intercropping of mustard {B. napiis, 
Var. Bari Sarisha-7) with onion {Allium cepa L.) and garlic {Allium sativum L.) on 
aphid [L. erysimi (Kaltenbach)] on population and yield. Intercropped with these two 
medicinal as well as spice crops reduced the aphid population significantly. Result of 
All and Ansari (2008) revealed that incidence of mustard aphid, L. erysimi 
(Kaltenbach) varied significantly on different stages of crop growth as well as mustard 
based cropping system viz. mustard + wheat, mustard + chickpea, mustard + coriander 
and mustard + fennel. The initial infestation begins at 55 DAS (days after sowing) on 
sole crop while 85 DAS on intercrops. Highest infestation is obtained at 95 DAS on 
all rows of sole crop (mustard). Intensity of aphid was greatest on mustard + chickpea 
followed by mustard + wheat, mustard + coriander and the lowest on mustard + fennel 
with greater yield. 
Ansari et al. (2007) grown Indian mustard as a sole crop, and intercropped with 
pea, lentil, wheat, linseed, gram and coriander. Pest population was observed on the 
mustard crop at 90, 97, 104, 111 and 118 days after sowing. Minimum population of 
aphids, L. psendohrassicae [L. erysimi] was recorded on mustard + linseed, while the 
maximum population of aphids, L. pseudobrassicae was recorded on mustard as sole 
crop. 
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MATERIALS AND METHODS 
Aphid source or rearing of L. erysimi: Laboratory colonies of mustard aphid, L. 
erysimi were developed on field collected aphids from Indian mustard, B. juncea 
Czem and Coss. The aphids were reared on detached shoots of mustard plants at 
25±1°C and 75±5% relative humidity and photoperiod of 10:14 LD (Light and Dark) 
with artificial light using 16 watt bulb in a B.O.D. chamber for 2-3 generations before 
the experiments began. The shoots of Indian mustard were maintained in glass tubes 
(1.5x9.0 cm diameter). These tubes were filled with Hoagland solution containing the 
following nutrients per liter of distilled water: 0.69 g Ca (N03)2 .4H2O, 0.29 g KNO3, 
0.08 g KH2PO4, 0.29 g MgS04.7H20, 0.31 ML FeCl3.6H20, 0.04 g Naj EDTA.4H2O, 
0.0072 g H3BO3, 0.004 g MnCl2.4H20, 0.0003 g ZnCb, 0.000Ig CUCI2.2H2O, 
0.00008 g Na2Mo04.2H20, p.H.- 6.0 (Hoagland and Arnon, 1950). Aphids were then 
transferred on to the shoot, which was then covered with a transparent plastic cage 
(15x5 cm diameter) with a muslin cloth top. Shoots were cut directly from the plant to 
maintain a fresh supply of host material and were changed as necessary. 
Experiment No. 1 - Effect of constant temperature on the life table of mustard 
aphid, L. erysimi on Indian mustard, B. juncea: 
A. Life table study: Nymphs and apterous adult aphids from the colony were 
transferred on to mustard terminal shoots maintained above on Pusa Bold, RH-30, 
Chapka-111, Varuna and Pusa Jaikisan. Nymphs born with in 24 hr were transferred 
individually by Camel's hair brush and placed on to a single mustard shoot and then 
kept in B.O.D. chamber at 7°, 9°, 12°, 15°, 20°, 25°, 27°, 30°, 33° and 35°C at a 
relative humidity and photoperiod as mentioned earlier. The aphids were checked 
daily for exuvae and survivorship and mortality at all temperature regimes in order to 
estimate the nymphal period, the pre-reproductive period (from birth to the onset of 
reproduction) and the number of nymphs bom per day. They were transferred to new 
shoot every 3"* and 4"" day till the death. Known number of adult aphids of the same 
age were considered and replicated five times at each temperature level for each host 
plant to determine fecundity. Life table and fecundity table was constructed by 
method of Deevey (1947) and Southwood (1978). Biological parameters were also 
ascertained and the data was subjected to calculate the development rate and then 
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linear regression model and cubic polynomial model were applied to determine the 
thermal threshold of Z. erysimi. 
X ==Age of insect (days) 
lx=Number of surviving at the beginning of age x out of 100 
dx = The number of dying during age intervals x 
lOOqx = Percentage mortality 
ex= The expectation of life remaining for individuals of age x 
e =T /I 
^ X ' X ' ' X 
The fecundity table consists of the following columns: 
x = Pivotal age (days) 
Ix = Number of females alive at the beginning of age interval x (x-pivotal age) as a 
fraction of an initial population of one (Birch, 1948). 
mx = Average number of offspring produced by a female in each age interval x 
mx = Nx 
A number of parameters were also computed from the age specific and fertility 
tables, which include: 
Potential fecundity (Pf): 
It expresses the total number of nymph laid by an average female in her life 
span. It is obtained or calculated by adding up the age specific fecundity (mx) column 
and measured in nymphs/female/generation 
Pf=Emx 
Net reproductive rate (Ro): 
This is also referred to as the "carrying capacity" of the average insect under 
defined environmental conditions. The information on the multiplication rate of 
population in one generation is obtained from it or the number of times a population 
will multiply per generation. It is denoted as 
Ro = Xlx.mx 
Intrinsic rate of increase (r„): 
It is also denoted by r or r^ or rmax and called as a biotic potential. It is defined as the 
instantaneous rate of increase of a population in a unit time under a set of ecological 
conditions. Laughlin (1965) proposed r^^ the capacity for increase as an approximation 
for tm based on equation: 
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rc = log2/Ro 
Tc = Cohort generation time and r^ tends to provide an underestimate of rm (Pielo, 
1974) 
For an accurate estimate o f rm' Birch (1948) introduced some approximation 
to the method to minimize the experimental errors in the formula suggested by Lotka 
(1925). This is as under: 
Se"'"/,.m,,.d,x = 1 Lotka (1925) 
Se""'x-/,.mx = 1 Birch (1948) 
Finite rate of increase (k): 
Which is the number of times the population will multiply itself per unit time 
(measured in units of females/female/day) and it is obtained from: 
X = Anti log rm 
Mean length of generation time (Tc): 
It is defined as the mean period between the birth of the parent and the birth of 
offspring. This period is a weighed approximate value or is the mean of period over 
which progeny are produced and estimated by the formula: 
Ilx.m,.x / l,.m. 
Corrected generation time (T): 
It is defined as the period from birth of individuals to birth of offspring 
T = logRo/rm 
Doubling time (DT): 
It is defined as the time required for the population to double its number and is 
calculated as follows: 
DT = log2/rm 
B. Developmental studies: 
Linear Regression Model: 
Effect of constant temperatures on the development ofL. erysimi was analyzed 
by fitting (i) linear regression curve and (ii) cubic polynomial curve using Sigma Plot-
Version 10. Rate of development is defined as the reciprocal of time required for 
completion of a life stage i.e. 1/d. 
Linear regression equation was adopted to express the relationship between the 
temperature (T) and rate of development (D) 
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D = a+bT (1) 
Where, 
D = Development rate 
a and b are constants which were determined by least square method 
T = Temperature 
Lower thermal threshold (Tmin) was calculated by putting D=0 in equation (1) which 
gives 
Tn,in = -a/b (2) 
Thermal constant was calculated by 
K = I / b (3) 
Means total quantity of thermal energy required to complete development 
K = Thermal constant expressed in degree-days (Campbell et al., 1974) 
b = Regression slope 
The thermal units required to complete development were calculated by using the 
formula of Arnold (1959, 1960): 
DD = (T,-T„,„O.D (4) 
Where, 
DD = Degree day 
D =Mean Development time 
T] = Rearing temperature 
Tmin = Minimum threshold temperature 
Cubic Polynomial Model: 
The linear model cannot be used to calculate ambient temperature since it is 
monotonically increasing. Hence a cubic curve was fitted in the least square sense. 
Assuming 
D = a + bT+cT^ + dT^ (5) 
Where, 
D = Development time 
T = Temperature 
and the constants a, b, c and d, which were obtained from the normal equation of the 
least square method 
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Calculations and estimations were carried out using the software Microsoft 
Excel (Microsoft Office, 2007) and Sigma Plot version 10. 
To calculate the ambient temperature, we differentiate D Vt*T and equate it to Zero 
(0) 
i.e. dD/dT= b+2cT+3dT^=0 (6) 
The ambient temperature is obtained by solving this quadratic equation and taking the 
larger of the two roots 
Ifd,p = -c±Vc2-3bd/3d,Topt=T„,ax(a,P) (7) 
The minimum threshold and maximum threshold temperatures are the minimum and 
the maximum roots representing the equation 
a + bT+cT' + dT^ = 0 (8) 
Experiment No. 2 - Effect of temperature on the life table of mustard apliid, L 
erysimi (Kalt.) on Indian mustard, B. juncea under 
greenhouse condition: 
Experimental procedure: - Five Indian mustard varieties; Pusa Bold, RH-30, 
Chapka-111, Varuna and Pusa Jaikisan were grown under greenhouse conditions at 
15±2°C and 20±2°C with 60-80% relative humidity. Seed of each variety was sown 
in a 15 cm diameter earthen pot consists of soil with FYM in a ratio of 3:1. Thinning 
was done 25 days after germination where only one plant was left in a single pot for 
experiment. Apterous adults of L. erysimi were obtained from the stock colony 
maintained on Indian mustard varieties for at least 2-3 generations and were allovv'ed 
to reproduce for 24 hr on each variety. Potted plant (50-days after sowing) was 
exposed to a single newly bom nymph. Individual nymph was observed daily for 
molting (exuvae) and survival. The presence of exuvae was used to determine 
molting. Adults were observed daily for reproduction and survival and all new bom 
nymphs were removed and counted daily. Observations were continued until all the 
aphids were died. The same experiment was repeated for about several times to reach 
a cohort. Therefore, life table and fecundity was constructed by the method as 
mentioned eariier at 15±2°C and 20±2°C. Survival and mortality for each nymphal 
instar and on each variety of B. juncea was detennined. Duration of adult pre-
reproductive, reproductive and post-reproductive periods, life time fecundity and 
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average daily reproduction were calculated for each aphid. 100 aphids were tested for 
each mustard variety. 
Experiment No. 3 - Effect of insecticides on life table of mustard aphid, L. erysimi 
(Kalt.) on Indian mustard, B.juncea: 
Lc3o was determined by screening of dichlorvos 76 EC, endosulfan 35 EC, 
cypermethrin 10 EC, fenvalerate 20 EC, imidacioprid 200 SL, neem excel 
(azadirachtin) 0.15 EC and neemarin (azadirachtin) 0.15 EC against 4"' instar nymph 
of L. erysimi on Indian mustard. Leaves were dipped in different aqueous 
concentrations of insecticides and then dried in air. Impregnated leaf was kept in petri 
plate and then known number of 4"" instar aphid were released to feed for about 12 hr 
and then transferred in another petri plate with fresh leaf. Mortality count was made 
after 24 hr. The same experiment was replicated three times for each concentration of 
insecticide and a parallel control was also run for each concentration. Finally, the 
mortality data was subjected to probit analysis (Finney, 1952) to obtain LC30. Detached 
shoot of Indian mustard consists of colony of aphid was kept in Hoagland solution and 
sprayed with LC30 concentration of insecticides; dichlorvos 0.00025%, endosulfan 
0.00011%, cypermethrin 0.00013%, fenvalerate 0.00017%, imidacioprid 0.00018%, 
neem excel (azadirachtin) 8 ppm and neemarin (azadirachtin) 10 ppm. Mortality was 
not recorded but surviving 4"^  instars were released on to exposed impregnated shoot 
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and allowed to feed for 12 hr. Impregnated shoot was replaced by a fresh shoot and 4 
instar nymphs were transferred on to this shoot. Dead individuals were discarded and 
the survivors were transformed into adults. Surviving adults start giving birth to young 
ones. Known number of young ones (100) of the same age was considered for 
construction of life table. This was done by making the batches of 10 individuals. 
Each batch was placed onto detached mustard shoot kept in Hoagland solution. 
Observations were taken daily from 1^ ' instar to emergence of adult. Dead individuals 
were counted and discarded. After emergence, one adult was kept on detached 
mustard shoot up to the death of adult to determine the daily fecundity of Z. erysimi. 
Therefore, observations were taken daily on the birth of offspring by a single female 
and the same was repeated several times. The life table and fecundity was then 
constructed by the method adopted as described earlier. Finally, the data was 
subjected to ANOVA and LSD was also determined. 
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Experiment No. 4 - Effect of sowing dates on the infestation of mustard aphid, L. 
eiysimi (Kalt.) on Indian mustard, B.juncea: 
Field experiment was conducted at fanners field of Aligarh district on the 
perforinance of Indian mustard, B. Juncea Czern & Coss in relation to date of sowing 
on the infestation of mustard aphid, L. erysimi for two Rabi seasons of 2005-06 and 
2006-07. Standard agronomic practices were adopted to raise commercial mustard 
crop. Farm yard manure @ 6-8 tones ha"' was applied at the time of last ploughing so 
that FYM would be mixed with soil. Standard doses of fertilizers with 30 kg N, 40 kg 
P2O5 and 30 kg K2O ha'' was applied at the time of sowing and 30 kg N and P2O5 ha'' 
was broadcasted after 25 days of germination. Fifteen varieties of Indian mustard 
seeds were sown early (lO"" October, 2005 and 2006), mid sown (lO"' November, 
2005 and 2006) and late sown (lO"' December, 2005 and 2006) in the plot size of 3x3 
m replicating three times in randomized block deign (RBD). The name of mustard 
varieties were KM-2, RS-30, Kranti, Naveen, RH-30, Pusa Bold, Lakshami, Pusa 
Jaikisan, PBM-16, T-50, Kundan, Rohini, Chapka-111, Varuna and Swarna where, 
row to row distance was 40 cm and plant to plant 15 cm was maintained by two 
thinnings. Five plants were tagged randomly from each plot and for each variety. The 
observation was taken at 10 days interval on each variety from the appearance to 
disappearance of aphid from mustard crop. In addition to that at flowering and pod 
stages, counting of mustard aphids were also done by removing 10 cm top portion of 
the central shoot of each tagged plant with the help of Camel's hair brush on a white 
paper sheet (Bakhetia and Sandhu, 1973). The percent infestation of mustard aphid on 
branches was determined by observing the rate of infestation upon the tagged plants 
and length of aphid colony size (in em's) on whole central twig at flowering and pod 
setting stages. The population of coccinellid beetles (immature and adult) and 
mummified aphids by D. rapae was also monitored during the course of experiment. 
Single factor ANOVA was applied on percent infestation of aphid colony size and 
population of mustard aphid. Least significant difference (L.S.D.) was calculated at a 
probability level of 0.05. Whereas, for infestation at 10 days interval, mean aphid 
numbers were used to determine the relationship (regression) and degree of 
association (correlation) between aphid incidence and environmental factors on 
different varieties of Indian mustard. The data on weather parameters viz. maximum, 
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minimum and average temperature, relative humidity and rainfall were collected from 
the Department of Physics, A. M. U., Aligarh. 10 days mean data were collected from 
daily record and daily data taken into account 10 days ahead of infestation because the 
proceeding 10 days were correlated against mean population of aphid numbers. 
Experiment No. 5 - Effect of intercropping on the management of mustard aphid, 
L. eiysimi (Kalt.) on Indian mustard, B.juncea: 
The experiment was conducted at the field of Department of Plant Protection, 
Faculty of Agricultural Sciences, A. M. U., Aligarh during the two rabi seasons in 
2005-06 and 2006-07 A.D. The seeds of five Indian mustard varieties B.jimcea; Pusa 
Bold, RH-30, Chapka-111, Varuna and Pusa Jaikisan and intercrops: wheat [Triticum 
aestivum), chickpea {Cicer arietinum), coriander {Coriandrum sativum L.), fennel 
[Foenicidum vulgare), garlic {Allium sativum) and radish [Raphamis sativus) were 
sown on 10"' November, 2005 and 2006 in a randomized block design and each 
treatment were replicated three times. Recommended agronomic practices were 
followed for the preparation of field and also good crop stand. Standard dosage of 
fertilizer with 30 kg N, 40 kg P2O5 and 30 kg K2O ha'' was applied at the time of 
sowing and 30 kg N and P2O5 ha"' was broadcasted after 25 days of germination. 
Seeds of sole and intercrop were sown with a ratio of 9:1, 8:2 and 7:3 (nine rows of 
sole crop and one row of intercrop, eight rows of sole crop and two rows of intercrop 
and seven rows of sole crop and three rows of intercrop). In each plot (7x5 m) the 
row-to-row distance was 60 cm and interplant was 15 cm maintained by two 
thinnings. The incidence of mustard aphid was recorded by tagging 10 plants 
randomly from each plot (mustard sole crop) and one plant from one row, two plants 
from two rows and three plants from three rows in each crop combinations. Regular 
observations were taken at an interval of 10 days from the initial infestafion of aphid 
to final disappearance. Mean aphid population was obtained by method of Bakhetia 
and Sandhu (1973). Infestation data was subjected to statistical analysis and benefit 
cost ratio was also calculated to determine the effectiveness of intercrop in relation to 
sole crop. 
RESULTS AND DISCUSSION 
Experiment No. 1. (A) - Effect of constant temperature on the life table of 
mustard aphid, Lipaphis erysimi (Kalt.) on Indian 
mustard, B.juncea: 
(a) Development of nymph: - Temperature and host plant has significantly {P<0.05) 
influenced mortality and development of the nymph of L. erysimi. The development 
time from 1^ ' instar to formation of adult decreases with increase of temperature from 
9° to 33°C as well as below 9°C (Table-IT, 2.1, 3.1, 4.1, 5.1). The longest 
survivorship (Ix) was 16, 15, 15, 14 and 13 days on Pusa Bold, RH-30, Chapka-Ul, 
Varuna and Pusa Jaikisan, respectively at 9°C v/hile shortest i.e. 4 days at 33°C on B. 
juncea varieties. Highest mortality of nymph occurred at 33°C on Pusa Bold and 
lowest on Pusa Jaikisan at 30°C. Mortality is variably observed from 1^ ' to 4''^  instars 
of L. erysimi. Mortality was greater at 1*^' and 4"' instars than other two instars. 
Expectancy of life is highest in beginning of age and then declines at end of life. 
Expectancy was highest at 9°C followed by 12°, 15°, 7°, 20°, 25°, 30° and 33°C on B. 
juncea varieties. 35°C was fatal to nymphs and all of them were died at this 
temperature. 
(b) Survivorship and mortality of adult: - Survivorship of adult aphid (x) is 
significantly variable on varieties of B. juncea at constant temperatures. Survivorship 
is high in the beginning of age and then decreases with age as well as increase of 
temperature (Table-1.1, 2.1, 3.1, 4.1 and 5.1). Longevity of adult is prolonged to 19, 
19, 19, 16 and 16 days on Pusa Bold, RH-30, Varuna, Chapka-111 and Pusa Jaikisan, 
respectively at 9°C and then decreased with increasing temperature up to 33°C. 
Mortality (dx) and survivorship (Ix) depends invariably on temperature thereby age is 
critically affected. Mortality was less in the beginning of age but greater with the 
advancement of age. Mortality was greater at 33°C on Pusa Bold than other 
temperatures and host plants. The expectancy v.'as high in beginning of age and 
decreased slowly to the end of life. Expectancy was highest at 9°C followed by other 
temperatures on B. juncea varieties. 
(c) Fecundity and life indices of L. erysimi: - Temperature and host plant has 
significantly (P<0.05) affected the birth of offspring of L. erysimi. Adult of L. eiysimi 
starts producing nymphs within 24 hr of its emergence and as long as adult will 
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survive. Production of offspring/female increases with increase of temperature from 
7° to 25°C and then decreased down from 27° to 33°C (Table-1.2, 2.2, 3.2, 4.2, 5.2, 
Fig. 1). Highest number of offspring i.e. 61.14 nymphs/female was produced when L. 
erysimi reared on Pusa Bold at 25°C and lowest (5.59 nymphs/female) on Pusa Bold 
at extreme temperature of 33°C. The number of offspring born was also greater at 
20°C as compared to other constant temperatures (Table-6). Fecundity of L. erysimi 
increases gradually with advancing age and then decreases in the end of life, mx was 
highest at 25°C and lowest at 33°C on B. jitncea varieties. The female continues to 
give birth of nymphs till death at 33°C. Greatest (43.54 nymphs/female) number of 
nymphs was bom on pivotal age of 15.5 days on Pusa Bold at 25°C and lowest at 
33°C on Pusa Bold. Temperature is substantially enhanced the production of young 
ones. 
Pf is significantly (F<0.05) differed at constant temperatures and host plants 
and negatively correlated (non-significant) with temperature (Table-6.1 and Fig.-l). 
Highest potential fecundity (Pf) was obtained i.e. 256.61 nymphs/female/generation on 
Pusa Bold at 25°C/ollowed by Varuna (205.4 nymphs/female) and lowest at 33°C on 
B.juncea varieties. Pf increases from 7° to 25°C and then decreases from 27° to 33°C. 
The net reproductive rate (Ro) is significantly (P<0.05) differed at constant 
temperatures and host plants as well as temperature has substantially enhanced the net 
reproductive rate. Peak reproduction rate has occurred at 25°C and decreased by 
increasing and decreasing temperature from 25°C. RQ was highest i.e. 21.894 
nymphs/female/generation on Pusa Bold at 25°C and smallest i.e. 1.491 at 33°C on 
the Pusa Bold. RQ is significantly (P<0.05) reduced at 33°C as compared to 7° and 
9°C. 
Intrinsic rate of increase (r^) is significantly (P<0.05) affected by constant 
temperatures and host plants and correlated (non-significant) positive showing that the 
temperature has enhanced the production of offspring. Peak r,,, occurred at 30°C on B. 
jimcea varieties. However, one more peak is observed on B. jimcea host plants at 
20°C. Daily progeny production was highest i.e. 0.3227 nymphs/female/day on Pusa 
Jaikisan and lowest i.e. 0.2390 on Varuna at 30°C. r^ is decreased at 7°, 9° and 33°C, 
Finite rate of increase (X) is significantly and non-significantly varied at 
constant temperatures and host plants. Temperature has enhanced (non-significantly) 
the finite rate of increase. Finite rate of increase gradually increases from 7° to 30°C 
v^ ^ y , ^ " y, / ^^ / // 0 3 
and then decreases significantly at 33°C. Highest finite rate of increase (1.38 
nymphs/female/day) occurred at 30°C on Pusa Jaikisan and lowest i.e. 1.048 at 9°C on 
Pusa Bold. 
Temperature and host plants significantly (P<0.05) affected the mean 
generation time (Tc) of L. erysiini and negatively (non-significant) correlated with 
temperature. Tj is delayed at 7° and 9°C and shortened at 30° and 33°C. Tc is 
prolonged to 23.328 days on Pusa Bold at 9°C and shortened to 5.931 days at 33°C. 
Corrected generation time (x) is significantly (P<0.05) differed at constant 
temperatures and host plants as well as negatively (non-significant) correlated with 
temperature. Corrected generation time is prolonged when L. erysimi reared at 9°C 
and shortest occurred at 33°C. L. erysimi completed one generation in 35.005 days on 
Pusa Bold at 9°C and on the same host plant it took 7.997 days at 33°C. 
L. erysimi multiplies fast from 15° to 30°C and the population will become 
double in 2.147 days on Pusa Jaikisan at 30°C and multiplication will become delayed 
at 9°C. DT is significantly (f <0.05) affected by temperature and negatively correlated 
(non-significant) with temperature. 
The incidence, growth and multiplication of L. erysimi (Kalt.) are largely 
influenced by meteorological parameters like temperature, relative humidity, rainfall, 
wind speed and cloudiness (Dhaliwal et al, 2007). Temperature and host plants 
significantly (JP<0.05) affected the life table parameters of I, erysimi. Temperature is 
a critical abiotic factor influencing the dynamic of insects (Roy and Baral, 2002). 
Insect survival tends to be reduced by extreme temperature (Asante et al, 1991, 
Shanower et al, 1993) and declines in relative growth rate, respiratory rate and honey 
due production at high temperatures (Mc Cornack et al, 2004). At 33°C, nymph 
mortality was high and the development period was also short in the present studies. 
Nymph of Aphis glycine e.xposed to 35°C did not complete development (Mc Cornack 
et al., 2004) and M. persicae (Davis et a/., 2006). Mortality of i"^ ' instar of A. gossypii 
was higher at all temperature tested and remarkably low at 20° and 25°C (Zamani et 
al., 2006). Survivorship of M. persicae increased to a maximum at 25°C and then 
decreased as temperature increased (Davis et al., 2006). Lowest survivorship of A. 
gossypii was estimated to be 10°C and survivor curve was nearly similar at 15°, 20°, 
25° and 30°C (Zamani et al., 2006). A. gossypii survived to adult was greatest at 25°C 
(Xia et al., 1999). Survival rate of Aphis fabae was highest on Rasoul culfivar of 
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sugarbcci ihan ciher cultivars at 25°C (Adabi et al., 2010). While total percentage 
survivorship of miniature stages varied from 50 to 70 at 17° to 20°C of Tuberolachnus 
saligrws (Ozder and Saglam, 2008). Findings of Satar et al. (2005) revealed that 35°C 
was lethal to immature stages of ^. gossypii and development was delayed at 15°C 
while fast at 32.5°C. Mortality was high at 15°C and 2.2% at 32.5°C. Aphid mortality 
increased and longevity decreased with increasing temperature (Asante et al, 1991, 
Tang et al, 1999, Tsai and Wang, 1999). Nymph of A. glycine had a greater rate of 
survival of lower temperature than at higher temperature (Hirano et al, 1996). 
Nymphs of L. erysimi development faster at 30°C than lower temperature and the 
duration of development was longest at 15°C (Liu and Yue, 2001) and 35°C was 
lethal to L erysimi (De Loach, 1974). The result of Wang and Tsai (2000) was same 
that high temperature (32°C) caused a decrease in development rate, had a high 
mortality (71%) of immature stage, and lower progeny production of 5.1 
nymphs/female, resulting in a much lower intrinsic rate of increase (r^) (0.010) in 
Aphis spiraecola.They also found that A. spiraecola failed to survive at 35°C. 
Between 10-32°C the development period of immature stages varied from 23.0 days at 
10° to 7.3 day at 28°C. A similar trend was also observed for Rhopalosiphum 
nymphacae (L.) (Ballou et al, 1986), the rice root aphid, R. rufiabdominalis (Sasaki) 
(Tsai and Liu, 1998) and the grain aphid, Metapolophium dirhodum (Wlk.) (Zhou and 
Carter, 1992) but lucerne aphid, Acyrthosiphon kondoi (Shinji) failed to survive at 
30°C (Rohitha and Penman, 1983) and R. nymphacae which only survived within the 
range of 15-30°C (Ballou et al, 1986). The results of Satar and Yokomi (2002) on 
Brachycaudus schwartzi showed that nymph mortality vv'as lowest at 20°C (1.8%) and 
22.5°C (7-8%), and increased to 28% at 30°C. Mortality at 35°C was 100% and was 
considered as the upper threshold. The development time of nymph decreased from 
19.9 days at 15°C to 8.9 days at 25°C and then began to increase from 27.5°C and for 
A. gossypii (Glover) on cotton the upper development threshold was 32-35°C 
(Kersting et al, 1999). Auad et al (2009) observed that nymphs of R. padi did not 
reach the adult phase at 32°C and expectancy of nymph was lowest. Life expectancy 
was negatively affected by increasing temperature. A. glycine reared at 30°C would 
live about one half as long as individuals at 20°C (Mc Cornack et al, 2004). Life 
expectancy of 1-day old adult of ^. fabae was high at 25°C on sugarbeet cultivar 
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(Adabi et ai, 2010). However, expectancy of I . erysimi was high in the beginning of 
age and decreased down with advancing age in present study. 
The total number of nymphs produced by a single female of L. erysimi is 
significantly (P<0.05) differed at constant temperatures and B.juncea host plants. The 
largest number of nymphs i.e. 61.14, 55.32, 50.25, 50.06 and 47.41 nymphs per 
female was born at 25°C on Pusa Bold, Varuna, Pusa Jaikisan, Chapka-111 and RH-
30, respectively followed by 20°C while lowest at 33°C. It was also found that L. 
erysimi began to produce nymphs within 24 hr after emergence when the aphid was 
reared at all temperatures in the present studies. It was reported by Mc Comack et al. 
(2004) that daily fecundity (mx) varied greatly at different temperatures. Significantly 
more total offspring/female was produced at 20° and 25°C than at 30°C in A. glycine. 
However, net fecundity is many species of aphids is greatly reduced at higher 
temperature (Nowierski et al, 1983, Asante et al, 1991, Dixon, 1998, Tsai and Wang, 
1999) because high temperature caused the death of development embryos (Harrison 
and Barlow, 1973) therefore, feeding is reduced. The daily rate of nymph production 
varied with temperature and age of I. eiysimi. These results are in confirmation with 
Wang et al. (1997) and Wang and Tsai (2000). The production peak appeared on day 
1-10 after emergence in A. spiraecola (Wang and Tsai, 2000) and day 4-10 in A. 
nastnrtii (Wang et al, 1997). In most cases the reproduction periods lasted as long as 
adult longevity with exception of extreme low temperature. Tang and Yokomi (1996) 
found 34.7 nymphs produced by a female of A. spiraecola at 24°C. Total nymph 
production increased from 16.3 nymphs/female at 10 to 58.7 nymphs/female at 20°C 
and declining to 6.1 nymphs/female at 32°C (Wang and Tsai, 2001). Highest number 
of nymphs/female (39 nymphs/adult) produced at 25°C and above and below of this 
temperature production is decreased (Liu and Yue, 2000). Satar and Yokomi (2002) 
found highest offspring/female was 46.4 nymphs/female/day. A. glycine is 
reproducing longer and more progeny at 20° and 25°C than 30° and 35°C (Mc 
Comack et al., 2004). Ozder and Saglam (2008) obtained highest fecundity (5.97 
nymphs/female) of T. salignus on Salix alba at 25°C while fecundity decreased down 
above and below to 25°C. However, Auad et al. (2009) reported that fecundity of i?. 
padi was highest between 16-24°C. Net fecundity rate of ^. fabae ranged from 18.45 
to 25.42 nymphs/female at 25°C (Adabi et al, 2010). 
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In the present study, the net reproductive rate (Ro) of L. erysimi is found to be 
highest i.e. 19.592 nymphs/female/generation at 25° and 20°C on Pusa Bold, Varuna, 
Chapka-U 1, RH-30 and Pusa Jaikisan and the lowest i.e. 3.816, 2.776, 1.758, 1.575 
and 1.491 on B.juncea varieties, Pusa Jaikisan, Chapka-111, RH-30, Varuna and Pusa 
Bold at 33°C, respectively. Similar results were also reported by Satar and Yokomi 
(2002) that Ro was highest at 20°C (43.5 nymphs/female) in B. schwartzi followed by 
that at 15°, 25° and 22.5°C and temperature rate is > 27.5°C was virtually nill. Wang 
and Tsai (2000) found largest RQ (41.0) at 20°C and then declines considerably at 
25°C in A. spiraecola. It was further confirmed by Komazaki (1982) in Toxoptera 
citricida (Kirkaldi) where 39.0 and 36.8 nymphs/female recorded at 19.9° and 24.9°C, 
respectively. Whereas, Scott and Yeoh (1999) found that peak RQ was at 21.4°C for 
apterae and 24°C for alatae then decline rapidly at higher temperature in B. 
rumexicolens. Wang et al. (1997) obtained highest Ro (48.10) at 10°C and then 
declines significantly at higher temperatures and 1.03 and 0.42 was found at 35° and 
10°C, respectively in A. nasturtii. The estimation of lower and upper temperature 
limits for reproduction was at 8.2 and 32.5°C, respectively. The population reared at 
20°C had the highest net reproductive rate (54.6). Wang and Tsai (2001) and further 
confirmed by Bijaya et al. (2002) RQ was worked out as 31.93 
females/female/generation, while the smallest net reproductive rate (RQ) occurred at 
15°C (4.30) and largest one at 25°C (38.29) Godoy and Cividanes (2002). Satar et al. 
(2005) obtained reproduction rate of ^. gossypii on cucumber as 82.1 nymphs/female 
at 25°C and decreased to 2.3 nymphs at 32.5°C. While, Satar et al. (2005) observed 
that reproduction rate of 5. brassicae was highest (40.5 nymphs/female) as compared 
to other temperatures on cabbage. Davis et al. (2006) obtained a negative reproductive 
rate of M. persicae at 5° and 32°C and highest at 25°C. The Ro is highest at 20°C 
(9.195) and lowest (0.365) at 32°C (AH et al., 2007). However, Ozder and Saglam 
(2008) estimated highest RQ of T. salignus was (67.30 nymphs/female) at 20°C as 
compared to lower and high temperature on S. alba. Reproductive rate (Ro) ofR. padi 
was greatest betvi'een 24 to 28°C (Auad et al, 2009). Adabi et al. (2010) found 
highest Ro of A. fabae at 24° and 28° C when reared on different sugarbeet cultivars. 
The intrinsic rate of increase (rm) is the only statistic that adequately 
summarizes the physiological qualities of an animal relative to its capacity of increase 
(Andrewartha and Birch, 1954) and provides an effective summary of an insect life 
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history traits (Dixon, 1987) as well as a good indicator of the temperature at which 
growth of a population is most favourable because it reflects overall the effect of 
temperature on development, reproduction and survival characteristic of a population 
(Wang et oL, 1997) and often used by ecologist and pest management scientist as a 
comparative statistics for reveahng the impact of parameter (Hance et al., 1994). In 
the present study, greatest intrinsic rate of increase (rm) occurred on all the tested B. 
juncea varities at 30°C i.e. 0.3227, 0.3136, 0.2673, 0.2398 and 0.2390 
nymphs/female/day on Pusa Jaikisan, Chapka-111, RH-30, Pusa Bold and Varuna, 
respectively and smallest i.e. 0.0848, 0.0684, 0.0535, 0.0528 and 0.0471 
nymphs/female/day on Pusa Jaikisan, Chapka-111, Varuna, RH-30 and Pusa Bold at 
9°C, respectively. The maximum intrinsic rate of increase for most aphids in the range 
of 0.3-0.4 (Briese, 1988) in comparison with a maximum of 0.47 for Brachycaiidus 
rumexicolens apterae at 28°C (Scott and Yeoh, 1999) while the largest rm occurred at 
25°C in A. spiraecola (Wang and Tsai, 2000). While, Wang and Tsai (2000) showed 
that the population o^ A. spiraecola reared at 25°C had the highest r^ value (0.308) 
among all tested temperatures. They also explained because of its faster development 
as well as considerably higher rate of daily progeny production and greater total 
progeny production. They further stressed that the greatest r^ could be caused by 
significantly faster development of immature stages and a shorter reproductive period 
which resulted in a considerably shorter mean generation time. It has been suggested 
by Dixon (1998) that daily survivorship and developmental rates dictate intrinsic rate 
of increase in aphids. Greatest rm of M. persicae occurred at constant 20°C and 
fluctuating 27°C (Davis et al, 2006). However, reduction in r„i could be attributed to 
longer immature development time and longer reproductive period both resulted in a 
considerably larger generation mean time. Tang and Yokomi (1996) reported a 
slightly higher r^ i value of 0.31 for y^ . spiraecola at 24°C. At 25°C the intrinsic rate of 
increase of A. spiraecola was (0.308) which compared to that of A. kondoi (0.32) 
(Kodet et al, 1982) but the value of intrinsic rate of increase values oi A. spiraecola 
were lower than those of^. gossypii (0.115-0.432) with in the 10-30°C (Tsai and Liu, 
1998). Wang et al (1997) reported that A. nasturtii reared at 27°C had the highest rn, 
values at extreme temperatures of 10°C and 35°C which caused prolonged 
development and reduced survivorship of immature stages as well as reduced 
fecundity. Similar effects were reported by Messenger (1964) and Graham (1959) on 
60 
Thehoaphis maculate. Intrinsic rate of increase was also significantly affected by 
temperature {P<0.05) but negatively correlated (non significant) (-0.287) at 32°C and 
highest at 30°C (0.341) (AH era/., 2007). Satar e/o/. (1999) obtained lowest r^  (0.129 
nymphs/female/day) for A. gossypii on okra. Intrinsic rate of increase was higher at 
25°C than 30 or 20°C in A. glycines (Mc Cornack et al., 2004) because nymphs that 
were deposited are becoming reproductive adults sooner than nymphs reared at 20°C. 
They also stated that aphids reared at 25° and 30°C are developing faster than aphids 
at 20°C and are producing more offspring sooner. Satar and Yokomi (2002) reported 
that the intrinsic rate of increase of 5. schwartzi reached a peak at 25°C and rapidly 
declined at >27°C and life history parameters were optimum at 22.5°-25°C. Satar et 
al. (2005) found highest r^ , (0.526) that occurred at 25°C and lowest (0.208) at 15°C 
and 0.132 at 32°C in A. gossypii on cucumber. Results of Satar et al. (2005) revealed 
that highest I'm (0.317) of B. brassicae occurred at 25°C and the lowest at 30°C. The 
largest r^ and the mean relative growth rate occurred at 24°C, for both apterous and 
alatae morphs, and the lowest at 8°C (Diaz and Fereres, 2005). x^ of A. gossypii 
increased almost linearly with temperature to reach a maximum at 25°C (0.419) and 
then decreased at 30°C (Zamani et al., 2006). While, highest r,,, of T. salignus 
(rn,=0.2540) occurred at 20°C because of higher survivorship of immature stage and 
greater progeny production (Ozder and Saglam, 2008). Auad et al. (2009) reported 
that Xm of R. padi was higher at 28°C (0.64), indicating that at this temperature the 
population increases faster, while aphids reared at 12°C had a lower r^ (0.09). 
Moreover, host plants also affect the r^. It was reported by Adabi et al. (2010) that^. 
fabae when reared on different sugarbeet cultivars had the highest r,,, (0.36) on PP8 
cultivar. Obopile and Ositiles (2010) also recorded r^  A. craccivora on cowpea where, 
largest r^  occurred on susceptible and smallest on resistant varieties. 
Finite rate of increase significantly (/'<0.05) varies with temperature and 
highest multiplying rate in unit time of L. erysimi is 1.380, 1.368, 1.306, 1.270, 1.269 
and lowest i.e. 1.088, 1.070, 1.054, 1.054 and 1.048 nymphs/female/day mB.jmcea 
var., Pusa Jaikisan, Chapka-Ul, RH-30, Pusa Bold and Varuna at 30°C and 9°C, 
respectively. Bijaya et al. (2002) determined finite rate of increase (k) of M persicae 
on groundnut and reported as 1.2008 females/female/day at 16°C. Highest (1.33) finite 
rate of increase of I. erysimi obtained by Godoy and Cividanes (2002) on B. oleracea 
var. acephala. Davis et al. (2006) observed highest (1.29) finite rate of increase at 
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constant 20°C and 1.43 at fluctuating 27°C in M. persicae. X of R. padi was highest 
(1.89) at 28°C and the lowest at 12°C (Auad et al, 2009). Adabi et al. (2010) 
observed the difference in finite rate of increase when A. fabae reared on cultivars of 
sugarbeet. The highest (A.= 1.44) was obtained on cultivar PP8 as compared to lowest 
on Rosoul. 
In the present study, the mean length of generation time (Tc) and corrected 
generation time (T) is differed and significantly varied with temperature and B.juncea 
host plants and non-significantly (P<0.05) affected by temperature. Generation time is 
defined as the time required for production to increase by a factor equal to the net 
reproductive rate (Carey, 1993). It is prolonged to 23.328, 23.236, 22.925, 21.133 and 
20.695 days on Pusa Bold, Chapka-111, RH-30, Pusa Jaikisan and Varuna at 9°C and 
shortest at 33°C on B. juncea varieties. However, Satar and Yokomi (2002) found 
shortest generation time at 27.50°C and 25°C which are favourable for population 
growth of B. schwartzi. A prolonged generation time of 40.3 days and shortest (8.3 
days) was found at 10° and 30°C, respectively in A. nasturtii (Wang et al., 1997). 
Scott and Yeoh (1999) reported that alatae of B. nmexicolens failed to survive at 
higher temperatures of 30° and 32°C and shortest generation time was found at 
extreme low temperature of 12.8°C. It was also reported by Wang and Tsai (2000) that 
a prolonged mean generation time (35.1 days) was obtained at extreme temperature of 
32°C mA. spiraecola. Godoy and Cividanes (2002) observed longest mean generation 
time (Tc) at 15°C (28.86 days) and the shortest at 30°C (7.18 days), respectively. 
Mean generation time of A. gossypii was shortest i.e. 6.8 days at 32.5°C and 
prolonged to 22.8 days at 15°C on cucumber. Longest mean generation time was 
obtained at lower temperature in M persicae (Davis et al., 2006). AH et al. (2007) 
also explained that generation time of L. erysimi differed significantly (f <0.05) at 
constant temperatures as well as correlated significantly and was shortest at 32°C. 
However, shortest (13.59 days) generation time of T. salignus obtained at 22.5°C and 
prolonged to 19.60 day at 17.5°C on S. alba (Ozder and Saglam, 2008). Auad et al. 
(2009) reported that generation time of R. padi was shortest (4.08 days) at 28°C and 
prolonged to 21.9 days at 12°C. 
In present study, doubling time (DT) is significantly varied with temperature 
and host plants. The population of I. erysimi will become double is 2.147, 2.210, 
2.593, 2.890 and 2.900 days at 30°C on Pusa Jaikisan, Chapka-111, RH-30, Pusa Bold 
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and Varuna while prolonged at 9°C. Hafiz (2006) reported that the mean doubling 
time of aphid population on various cultivars ranged from 2.68 to 3.65 days at 25°C. 
While the doubling time at 15°, 20°, 25°, and 30°C was 11.55, 2.80, 2.47 and 3.01 
days (Godoy and Cividanes, 2002). The population of A. gossypii had a capacity to 
double every 1.65 day at 32° and 4.33 days at 16.6°C (Aldryhim and Khalil, 1995). A. 
glycine production will become double in 1.5 days and 1.9 days at 25° and 2\°C, 
respectively (Mc Cornack et al, 2004). Satar et al. (2005) suggested that temperature 
over 30°C caused a prolonged development, increased mortality of immature stages 
shortened adult longevity and reduced fecundity. The optimal range of temperature for 
population growth of A. gossypii on cucumber was very broad and ranged between 
22.5° to 30°C. Population of M persicae will become double in shortest time of 1.95 
days at fluctuating 27°C and at constant 20°C (2.7 days) as compared to other constant 
temperatures (Davis et a/., 2006). R. padi will become double in 1.08 days at 28°C 
and prolonged to 8.06 days at 12°C (Auad et al., 2009). Adabi et al. (2010) also 
reported that DT of A. fabae was highest (1.5 days) on PP8 cultivar of sugarbeet as 
compared other cultivars. 
Table-1.1: Age specific life table ofL. erysimi on B. jiincea var. Pusa Bold at constant 
temperatures 
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0 
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6 
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8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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22 
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2 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1. 
100.00 
96.24 
94.20 
91.94 
91.75 
88.92 
86.26 
81.34 
76.45 
72.78 
65.52 
58.50 
55.00 
53.70 
50.00 
45.08 
45.08 
38.75 
33.10 
28.22 
25.16 
17.28 
12.46 
7.70 
4.25 
100.00 
98.56 
96.74 
91.09 
88.00 
85.00 
83.30 
80.45 
77.62 
74.40 
71.10 
70.55 
66.00 
63.00 
60.12 
60.00 
dx 
3.76 
2.04 
2.26 
0.19 
2.83 
2.66 
4.92 
4.89 
3.67 
7.26 
7,02 
3,50 
1.30 
3.70 
4.92 
0.00 
6.JJ 
5.65 
4.88 
3.06 
7.88 
4.82 
4.76 
3.45 
4.25 
1.44 
1.82 
5.65 
3.09 
3.00 
1.70 
2.85 
2.83 
3.22 
3.30 
0,55 
4.55 
3,00 
2,88 
0.12 
1,22 
lOOq, 
3.76 
2.12 
2.40 
0.21 
3.08 
2.99 
5.70 
6.01 
4.80 
9.98 
10.71 
5.98 
2.36 
6.89 
9.84 
0.00 
14.04 
14.58 
14.74 
10.84 
31.32 
27.89 
38.20 
44.81 
100.00 
1.44 
1,85 
5.84 
3,39 
3,41 
2,00 
3.42 
3.52 
4.15 
4.44 
0.77 
6.45 
4.55 
4.57 
0.20 
2.03 
L. 
100.00 
98.12 
95.22 
93.07 
91,85 
90,34 
87,59 
83,80 
78,90 
74,62 
69,15 
62.01 
56.75 
54.35 
51.85 
47.54 
45.08 
41,92 
35.93 
30.66 
26.69 
21.22 
14,87 
10,08 
5,98 
I 
100.00 
99.28 
97.65 
93.92 
89.55 
86.50 
84.15 
81.88 
79.04 
76.01 
72.75 
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68.28 
64,50 
61,56 
60,06 
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T 
' X 
1417.56 
1367,56 
1269.44 
1174.22 
1081.15 
989.30 
898,97 
811,38 
727,58 
648,68 
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504.92 
442,91 
386,16 
331.81 
279.96 
232,42 
187,34 
145,42 
109.50 
78.84 
52,15 
30,93 
16,06 
5,98 
9T 
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1783,56 
1703,59 
1621,86 
1540.98 
1461.78 
1381.35 
1297.20 
1215.33 
1136.29 
1060.28 
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783,93 
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ex 
14.18 
14,21 
13.48 
12.77 
11.78 
11,13 
10.42 
9,98 
9,52 
8.91 
8,76 
8,63 
8,05 
7.19 
6,64 
6,21 
5.16 
4.83 
4.39 
3.88 
3.13 
3.02 
2.48 
2.09 
1.41 
18.12 
18.10 
17.61 
17.81 
17.51 
17.20 
16.58 
16.12 
15.66 
15.27 
14,91 
14,00 
13,89 
13,47 
13,04 
12,04 
Total 
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-
-
-
-
-
-
-
-
-
-
-
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0,00 
0,00 
10,00 
31.56 
83.40 
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102.61 
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-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.00 
0.20 
0.70 
1.85 
2.92 
3.10 
1.22 
0.55 
0.40 
0.32 
0.24 
0.00 
11,50 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
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29 
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31 
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8 
9 
10 
11 
12 
13 
14 
15 
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17 
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21 
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58.78 
57.84 
56.66 
52.72 
50.46 
47.75 
47.10 
40.18 
34.22 
31.28 
30.36 
26.58 
23.32 
20.76 
17.85 
14.00 
12.06 
8.64 
3.50 
100.00 
96.40 
93.55 
90.32 
90.32 
87.00 
84.52 
80.62 
79.18 
73.22 
72.46 
69.65 
68.72 
68.72 
66.48 
62.66 
59.82 
55.90 
50.00 
47.70 
44.34 
39.06 
35.75 
33.14 
31.45 
23.36 
11.48 
0.94 
1.18 
3.94 
2.26 
2,71 
0.65 
6.92 
5.96 
2,94 
0,92 
3,78 
3.26 
2.56 
2.91 
3.85 
1.94 
3.42 
5.14 
3.50 
3.60 
2,85 
3.23 
0,00 
3.32 
2.48 
3.90 
1.44 
5.96 
0,76 
2.81 
0.93 
0.00 
2.24 
3.82 
2.84 
3.92 
5.90 
2.30 
3.36 
5.28 
3.31 
2.61 
1.69 
8.09 
11.88 
11.48 
1.60 
2.04 
6.95 
4.29 
5.37 
1.36 
14.69 
14.83 
8.59 
2.94 
12.45 
12.26 
10.98 
14.02 
21.57 
13.86 
28.36 
59.49 
100.00 
3.60 
2.96 
3.45 
0.00 
3.68 
2.85 
4.61 
1.79 
7.53 
1.04 
3.88 
1.34 
0.00 
3.26 
5.75 
4.53 
6.55 
10.55 
4.60 
7.04 
11.91 
8.47 
7.30 
5.10 
25,72 
50.86 
100.00 
59.39 
58.31 
57.25 
54.69 
51.59 
49.11 
47.43 
43.64 
37.20 
32.75 
30.82 
28.47 
24.95 
22.04 
19.31 
15.93 
13.03 
10.35 
6.07 
662.31 
602.92 
544.61 
487.36 
432.67 
381.08 
331.98 
284.55 
240.91 
203.71 
170.96 
140.14 
111.67 
86.72 
64.68 
45.38 
29.45 
16.42 
6.07 
12T 
100.00 
98.20 
94.98 
91.94 
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88.66 
85.76 
82.57 
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72.84 
71.06 
69.19 
68.72 
67.60 
64.57 
61.24 
57.86 
52.95 
48.85 
46.02 
41.70 
37.41 
34.45 
32.30 
27.41 
17.42 
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1660.08 
1561.88 
1466.91 
1374.97 
1284.65 
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1110.23 
1027.66 
947.76 
871.56 
798.72 
727.67 
658.48 
589.76 
522.16 
457.59 
396.35 
338.49 
285.54 
236.69 
190.67 
148.97 
111.57 
77.12 
44.83 
17,42 
11.27 
10.42 
9.61 
9.24 
8.57 
7.98 
7.05 
7.08 
7.04 
6.51 
5.63 
5.27 
4.79 
4.18 
3.62 
3.24 
2.44 
1.90 
1.73 
17.10 
17,22 
16,70 
16.24 
15.22 
14.77 
14.15 
13.77 
12.98 
12.94 
12.03 
11.47 
10.59 
9.58 
8.87 
8.33 
7.65 
7.09 
6.77 
5.99 
5.34 
4.88 
4.17 
3.37 
2.45 
1.92 
1..52 
0.00 
0.00 
19.83 
37.95 
90.82 
148.02 
108.33 
46.20 
32.50 
25.02 
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13.82 
9.32 
5.19 
2.67 
1.40 
0.00 
0.00 
0.00 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
50.12 
81.35 
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57.91 
46.39 
39.31 
18.68 
1.14 
0.00 
0.00 
0.35 
0.72 
1.80 
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2.30 
1.15 
0.95 
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0.25 
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0.00 
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0.00 
13.24 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.80 
1.36 
2.75 
3.70 
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4.10 
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1.62 
1.40 
1.25 
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0.10 
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0 
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100.00 
98.32 
96.40 
92.52 
89.22 
85.36 
85.36 
81.56 
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74.30 
71.46 
70.00 
65.50 
62.04 
60.38 
54.94 
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42.28 
38.20 
33.00 
21.68 
13.00 
100.00 
100.00 
92.75 
90.82 
87.34 
84.60 
81.00 
78.00 
75.40 
70.10 
62.18 
54.46 
41,33 
22.66 
100.00 
97.40 
93.26 
89.90 
84.00 
77.00 
70.10 
1.68 
1.92 
3.88 
3.30 
3.86 
0.00 
3.80 
3.94 
3.32 
2.84 
1.46 
4.50 
3.46 
1.66 
5.44 
4.32 
8.34 
4.08 
5.20 
11.32 
8.68 
13.00 
0.00 
7.25 
1.93 
3.48 
2.74 
3.60 
3.00 
2.60 
5.30 
7.92 
7.72 
13.13 
18.67 
22.66 
2.60 
4.14 
3.36 
5.90 
7.00 
6.90 
7.66 
1.68 
1.95 
4.02 
3.57 
4.33 
0.00 
4.45 
4.83 
4.28 
3.82 
2.04 
6.43 
5.28 
2.68 
9.01 
7.86 
16.48 
9.65 
13.61 
34.30 
40.04 
100.00 
0.00 
7.25 
2.08 
3.83 
3.14 
4.26 
3.70 
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7.03 
11.30 
12.42 
24.11 
45.17 
100.00 
2.60 
4.25 
3.60 
6.56 
8.33 
8.96 
10.93 
15°C 
100.00 
99.16 
97.36 
94.46 
90.87 
87.29 
85.36 
83.46 
79.59 
75.96 
72.88 
70.73 
67.75 
63.77 
61.21 
57.66 
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46.45 
40.24 
35.60 
27.34 
17.34 
1457.26 
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938,12 
852,76 
769,30 
689.71 
613.75 
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470.14 
402.39 
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277.41 
219.75 
166.97 
120.52 
80,28 
44,68 
17.34 
20°C 
100.00 
100.00 
96.38 
91.79 
89.08 
85.97 
82.80 
79.50 
76.70 
72.75 
66.14 
58.32 
47.90 
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98.70 
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7.99 
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-
-
-
-
-
-
-
-
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594.90 
565.00 
570.81 
463.99 
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-
-
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-
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0.00 
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7.89 
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34.02 
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45.38 
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100.00 
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72.33 
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21.40 
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40.58 
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3.75 
6.24 
5.11 
3.21 
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6.92 
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6.40 
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8.08 
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4.85 
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4.75 
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13.25 
21.18 
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6.86 
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8.05 
7.69 
5.66 
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7.23 
6.93 
6.41 
3.75 
9.99 
9.09 
6.28 
11.15 
5.12 
15.71 
19.75 
32.31 
37.45 
44.64 
100.00 
9.44 
8.92 
7.86 
6.38 
12.24 
10,31 
8.68 
11.26 
7.58 
17.14 
13.67 
51.33 
100.00 
14.42 
15.48 
29.28 
10.07 
15.83 
17.72 
32.83 
37.62 
57.60 
100.00 
23.55 
17.83 
35.40 
40.07 
29.73 
40.55 
63.09 
100.00 
66.27 
59.32 
53.65 
49.49 
45.21 
41.45 
37,19 
30.66 
22.89 
15.02 
8.98 
430.12 
363.85 
304.53 
250.89 
201.40 
156.19 
114.74 
77.55 
46.89 
24.00 
8.98 
27''C 
100.00 
95.28 
86.52 
79.24 
73.58 
66.80 
59.22 
53.57 
48.26 
43.66 
38.35 
32.38 
22.30 
100.00 
92.79 
78.96 
61.74 
48.58 
42.36 
35.29 
26.63 
17.38 
9.51 
3 
100.00 
88.23 
69.64 
51.70 
32.45 
20.71 
13.63 
6.96 
749.14 
699.14 
603.86 
517.34 
438.10 
364.53 
297.73 
238.51 
184.94 
136.68 
93.02 
54.68 
22.30 
OT 
463.22 
413.22 
320.43 
241.48 
179.74 
131.16 
88.80 
53.51 
26.88 
9.51 
3 T 
333.30 
283.30 
195.07 
125.44 
73.74 
41.29 
20.58 
6.96 
6.89 
6.47 
5.96 
5.24 
4.73 
3.87 
3.37 
2.84 
2.54 
2.08 
1.40 
7.49 
7.72 
7.32 
6.81 
6.16 
5.84 
5.32 
4.66 
4.08 
3.26 
2.68 
1.82 
1.53 
4.63 
4.83 
4.43 
4.72 
3.91 
3.39 
2.79 
2.50 
2.01 
1.68 
3.71 
3.11 
3.09 
3.03 
2.42 
2.03 
1.85 
-
150.61 
347.41 , 
350.96 
338.61 
367.27 
283.38 
187.00 
114.94 
49.13 
10.36 
-
-
-
-
-
-
79.52 
324.73 
363.04 
397.59 
213.71 
139.80 
52.56 
-
-
-
-
-
53.43 
278.13 
280.34 
60.74 
50.14 
-
-
-
-
21.40 
58.10 
10.76 
0.93 
-
2.68 
6.80 
7.33 
7.96 
9.10 
8.33 
6.85 
6.22 
4.25 
1.62 
61.14 
-
-
-
-
-
-
1.42 
6.35 
8.00 
9.48 
6.15 
4.66 
3.60 
39.66 
-
-
-
-
-
1.38 
8.73 
13.10 
4.55 
8.86 
36.62 
-
-
-
-
0.88 
3.40 
1.06 
0.25 
5.59 
Tabic-].2 ; Fecundity and reproduction rate of/.. erysimi on B. 
juncea var. Pusa Bold at constant temperatures 
Pivotal 
age 
(X) 
? 
survivorship 
dx) 
Nymphal stage 0.5 - 11.5 
12.5 
13,5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
0.132 
0.129 
0.120 
0.108 
0.108 
0.093 
0.080 
0.068 
0.061 
0.042 
0.030 
0.019 
0,010 
Total = 
Nymphal stage 0,5 - 15.5 
16,5 
17,5 
18,5 
19,5 
20,5 
21,5 
22,5 
23,5 
24.5 
25.5 
26.5 
27.5 
28,5 
29.5 
30.5 
31.5 
32.5 
33.5 
34.5 
0.093 
0.091 
0.089 
0.083 
0.080 
0.075 
0.074 
0.063 
0.054 
0.049 
0.048 
0.042 
0,037 
0,033 
0,028 
0,022 
0.019 
0.014 
0.006 
Total = 
TC 
m. 
days 
0.000 
0.000 
0.400 
2.100 
7.400 
14.600 
18.600 
8.540 
4.400 
3.600 
3.200 
2.640 
0.000 
65.480 
9T 
days 
0.000 
0.000 
0.700 
2.160 
7.200 
15.500 
13.800 
8.050 
7.600 
7.200 
6,500 
5,720 
4,800 
3.250 
2,100 
1,500 
0,000 
0,000 
0,000 
86,080 
12T 
Reproductive 
rate 
(l,,m,J 
0.000 
0.000 
0.048 
0.227 
0.799 
1.358 
1.488 
0.581 
0.268 
0.151 
0.096 
0.050 
0.000 
5.066 
0.000 
0.000 
0.062 
0.179 
0.576 
1.163 
1.021 
0.507 
0.410 
0.353 
0.312 
0.240 
0.178 
0.107 
0.059 
0.033 
0.000 
0.000 
0.000 
5.201 
l^ m .^x 
0.000 
0.000 
0.696 
3.515 
13.187 
23.762 
27.528 
11.324 
5.502 
3.251 
2.160 
1.180 
0.000 
92,104 
0.000 
0.000 
1.153 
3.496 
11.808 
24.994 
22.977 
11.919 
10.055 
8.996 
8.268 
6.606 
5.062 
3.165 
1.793 
1.040 
0.000 
0.000 
0.000 
121.331 
Nymphal stage 0.5-13.5 days 
14.5 0.118 0.000 0.000 0.000 
15.5 0.112 0.800 0.090 1.389 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
0.107 
0.100 
0.089 
0.085 
0.079 
0.070 
0.064 
0.059 
0.056 
0.042 
0.020 
Total = 
2.720 
8.250 
14.800 
19.250 
24.600 
14.700 
12.960 
12.600 
12.500 
8.800 
1.200 
133.180 
15T 
Nymphal stage 0.5-9.5 days 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
0.123 
0.120 
0.112 
0.106 
0.104 
0.094 
0.087 
0.073 
0.066 
0.057 
0.037 
0.022 
Total = 
0.000 
1.750 
3.800 
11.550 
16.000 
31.100 
25.500 
19.950 
12.800 
6.120 
2.000 
0.000 
130.570 
20°C 
Nymphal stage 0.5-5.5 days 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15,5 
16.5 
17.5 
0.167 
0.161 
0.155 
0.144 
0.128 
0.112 
0.085 
0.047 
Total = 
stage 0.5-7.5 dc 
0.167 
0.152 
0.143 
0,127 
0.120 
0.101 
0.081 
0.055 
0.034 
0.019 
Total = 
0.000 
6.340 
15.780 
24.180 
36.720 
42.600 
38.280 
8.400 
172.300 
25T 
lys 
0.000 
6.800 
14.660 
23.880 
36.400 
41.650 
41.100 
43.540 
34.000 
14.580 
256.610 
0.291 
0.825 
1.317 
1.636 
1.943 
1.029 
0.829 
0.743 
0.700 
0.370 
0,024 
9.798 
0.000 
0.210 
0.426 
1.224 
1.664 
2.923 
2.219 
1.456 
0.845 
0.349 
0.074 
0.000 
11.390 
0.000 
1.021 
2.446 
3.482 
4.700 
4.771 
3.254 
0.395 
20.069 
0.000 
1.034 
2.096 
3.033 
4.368 
4.207 
3,329 
2.395 
1.156 
0.277 
21.894 
4.802 
14.438 
24.368 
31.908 
39.840 
22.124 
18.662 
17.470 
17.150 
9.425 
0.636 
202.209 
0.000 
2.415 
5.320 
16.528 
24.128 
45.313 
36.605 
25.487 
15.629 
6.802 
1.517 
0.000 
179.743 
0.000 
7.655 
20.790 
33.078 
49.352 
54.869 
40.673 
5.330 
211.747 
0.000 
9.819 
22.012 
34.877 
54.600 
56.790 
48.272 
37.118 
19.074 
4.848 
287.410 
Nyinphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
5.5 
6.5 
7.5 
8.5 
9.5 
Nymphal 
4.5 
5.5 
6.5 
7.5 
stage 0.5-5.5 
0.205 
0.187 
0.166 
0.153 
0.127 
0.110 
0.053 
Total = 
day: 
27"C 
s 
0.000 
6.350 
16.000 
28.440 
24.600 
23.300 
21.600 
120.290 
30°C 
stage 0.5-4.5 days 
0.349 
0.287 
0.193 
0.120 
0.05] 
Total = 
stage 0.5-3.5 
0.440 
0.309 
0.184 
0.068 
Total = 
day! 
0.000 
8.730 
26.200 
13.650 
35.440 
84.020 
33T 
0.000 
3.400 
2.120 
0.750 
6.270 
0.000 
1.188 
2.656 
4.351 
3.124 
2.563 
1.145 
15.027 
0.000 
2.506 
5.057 
1.638 
1.807 
11.008 
0.000 
1.051 
0.390 
0.051 
1.492 
0.000 
8.906 
22.576 
41.337 
32.804 
29.475 
14.310 
149.408 
0.000 
16.286 
37.925 
13.923 
17.170 
85.304 
0.000 
5,778 
2.536 
0.383 
8.696 
Table-2.1 : Age specific life table ot'L. erysimi on B.juncea var. RH-30 at constant 
temperatures 
X 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
0 
1 
2 
1 J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
ix 
96.12 
92.32 
88.40 
86.02 
84.34 
81.78 
76.92 
72.00 
68.33 
66.12 
65.18 
62.21 
60.62 
55.81 
52.94 
47.44 
41.00 
37.00 
34.75 
28.48 
22.52 
13.75 
100.00 
95.24 
94.36 
92.48 
90.62 
87.70 
84.00 
81.06 
77.84 
74.96 
72.26 
70.39 
68.52 
67.70 
66.00 
63.78 
60.91 
60.91 
57.28 
55.14 
dx 
3,80 
3.92 
2.38 
1.68 
2.56 
4.86 
4.92 
3.67 
2.21 
0.94 
2.97 
1.59 
4.81 
2.87 
5.50 
6.44 
4.00 
2.25 
6.27 
5.96 
8.77 
13.75 
4.76 
0.88 
1.88 
1.86 
2.92 
3.70 
2.94 
3.22 
2.88 
2.70 
1.87 
1.87 
0.82 
1.70 
2.22 
2.87 
0.00 
3.63 
2.14 
2.72 
lOOq, 
3.95 
4.25 
2.69 
1.95 
3.04 
5.94 
6.40 
5.10 
3.23 
1.42 
4.56 
2.56 
7.93 
5.14 
10.39 
13.58 
9.76 
6.08 
18.04 
20.93 
38.94 
100.00 
4.76 
0.92 
1.99 
2.01 
3.22 
4.22 
3.50 
3.97 
3.70 
3,60 
2.59 
2.66 
1,20 
2.51 
3.36 
4.50 
• 0.00 
5.96 
3.74 
4.93 
Lx 
98.06 
94.22 
90.36 
87.21 
85,18 
83,06 
79.35 
74.46 
70.17 
67.23 
65.65 
63.70 
61.42 
58.22 
54.38 
50.19 
44.22 
39.00 
35.88 
31,62 
25,50 
18,14 
100.00 
97.62 
94.80 
93.42 
91.55 
89.16 
85.85 
82.53 
79.45 
76.40 
73.61 
71.33 
69.46 
68.11 
66.85 
64.89 
62.35 
60.91 
59.10 
56.21 
7T 
T 
^x 
617,44 
1279.12 
1184.90 
1094.54 
1007.33 
922.15 
839.09 
759.74 
685.28 
615.11 
547.89 
482.24 
418.54 
357.13 
298.91 
244.54 
194.35 
150.13 
111.13 
75.25 
43,64 
18,14 
9T 
684.93 
634.93 
1501.66 
1406.86 
1313.44 
1549.79 
1460.63 
1374.78 
1292.25 
1212.80 
1136.40 
1062.79 
991.47 
922.01 
853.90 
787.05 
722.16 
659.82 
598.91 
539.81 
ex 
6.42 
13.86 
13.40 
12.72 
11.94 
11.28 
10.91 
10.55 
10.03 
9.30 
8.41 
7.75 
6.90 
6.40 
5.65 
5.15 
4.74 
4.06 
3.20 
2,64 
1,94 
1.32 
6.85 
6.67 
15.91 
15.21 
14.49 
17.67 
17.39 
16.96 
16.60 
16.18 
15.73 
15.10 
14.47 
13.62 
12.94 
12.34 
11.86 
10.83 
10.46 
9.79 
Total 
offspring 
-
-
-
-
-
-
-
-
-
-
-
0.00 
25.46 
54.69 
111.17 
144.69 
141.86 
42.55 
31.97 
18.51 
7.21 
0.00 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
6.38 
13.40 
19.49 
37.23 
115.79 
Offspring/? 
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.42 
0.98 
2.10 
3.05 
3.46 
1.15 
0.92 
0.65 
0.32 
0.00 
13.05 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.10 
0.22 
0.32 
0.65 
2.10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
0 
1 
1 
^ 3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
0 
1 
2 
3 
4 
5 
6 
52.42 
5i.56 
48.30 
45.40 
41.00 
39.32 
36.16 
31.46 
28.34 
25.51 
21.50 
19.00 
12.06 
8.00 
100.00 
95.24 
93.52 
90.30 
88.00 
86.15 
84.28 
83.38 
80.92 
77.48 
75.00 
73.00 
72.56 
70.32 
67.06 
65.46 
60.58 
60.58 
56.86 
51.40 
46.12 
43.34 
40.22 
32.60 
19.56 
100.00 
95.32 
92.46 
90.54 
87.21 
85.18 
83.10 
0.86 
3.26 
2.90 
4.40 
1.68 
3.16 
4.70 
3.12 
2.83 
4.01 
2.50 
6.94 
4.06 
8.00 
4.76 
1.72 
3.22 
2.30 
1.85 
1.87 
0.90 
2.46 
3.44 
2.48 
2.00 
0.44 
2.24 
3.26 
1.60 
4.88 
0.00 
3.72 
5.46 
5.28 
2.78 
3.12 
7.62 
13.04 
19.56 
4.68 
2.86 
1.92 
3.33 
2.03 
2.08 
2.10 
1.64 
6.32 
6.00 
9.69 
4.10 
8.04 
13.00 
9.92 
9.99 
15.72 
11.63 
36.53 
33.67 
100.00 
4.76 
1.81 
3.44 
2.55 
2.10 
2.17 
1.07 
2.95 
4.25 
3.20 
2.67 
0.60 
3.09 
4.64 
2.39 
7.45 
0.00 
6.14 
9.60 
10.27 
6.03 
7.20 
18.95 
40.00 
100.00 
4.68 
3.00 
2.08 
3.68 
2.JJ 
2.44 
2.53 
53.78 
51.99 
49.93 
46.85 
43.20 
40.16 
37.74 
33.81 
29.90 
26.93 
23.51 
20.25 
15.53 
10.03 
1 
100.00 
97.62 
94.38 
91.91 
89.15 
87.08 
85.22 
83.83 
82.15 
79.20 
76.24 
74.00 
72.78 
71.44 
68.69 
66.26 
63.02 
60.58 
58.72 
54.13 
48.76 
44.73 
41.78 
36.41 
26.08 
1 
100.00 
97.66 
93.89 
91.50 
88.88 
86.20 
84.14 
483.60 
429.82 
377.83 
327.90 
281.05 
237.85 
197.69 
159.95 
126.14 
96.24 
69.32 
45.81 
25.56 
10.03 
.2T 
679.18 
629.18 
1494.04 
1399.66 
1307.75 
1281.09 
1194.02 
1108.80 
1024.97 
942.82 
863.62 
787.38 
713.38 
640.60 
569.16 
500.47 
434.21 
371.19 
310.61 
251.89 
197.76 
149.00 
104.27 
62.49 
26.08 
5T 
674.31 
624.31 
1267.49 
1173.60 
1082.10 
993.23 
907.03 
9.23 
8.34 
7.82 
7.22 
6.85 
6.05 
5.47 
5.08 
4.45 
3.77 
3.22 
2.41 
2.12 
1.25 
6.79 
6.61 
15.98 
15.50 
14.86 
14.87 
14.17 
13.30 
12.67 
12.17 
11.51 
10.79 
9.83 
9.11 
8.49 
7.65 
7.17 
6.13 
5.46 
4.90 
4.29 
3.44 
2.59 
1.92 
1.33 
6.74 
6.55 
13.71 
12.96 
12.41 
11.66 
10.91 
179.28 
121.68 
61.82 
49.94 
38.54 
32.24 
23.87 
15.73 
10.77 
6.38 
5.38 
2.85 
0.00 
0.00 
-
-
-
-
-
-
-
-
-
-
-
-
-
14.06 
73.77 
99.50 
174.47 
227.84 
233.13 
218.45 
128.21 
69.34 
50.28 
29.99 
8.80 
-
-
-
-
-
-
-
3.42 
2.36 
1.28 
I.IO 
0.94 
0.82 
0.66 
0.50 
0.38 
0.25 
0.25 
0.15 
0.00 
0.00 
15.50 
-
-
-
-
-
-
-
-
-
-
-
-
-
0.20 
1.10 
1.52 
2.88 
3.74 
4.10 
4.25 
2.78 
1.60 
1.25 
0.92 
0.45 
24.79 
-
-
-
-
-
-
-
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
81.00 
80.00 
77.10 
75.86 
71.91 
69.78 
66.65 
60.42 
54.00 
42.14 
38.18 
31.92 
23.00 
18.76 
100.00 
100.00 
90.75 
88.34 
87.55 
85.26 
84.68 
82.75 
76.38 
72.92 
68.00 
65.00 
46.30 
28.55 
100.00 
95.56 
90.72 
90.72 
88.18 
82.15 
78.27 
75.81 
62.92 
60.42 
54.38 
50.56 
42.72 
38.63 
31.04 
14.60 
1.00 
2.90 
1.24 
3.95 
2.13 
3.13 
6.23 
6.42 
11.86 
3.96 
6.26 
8.92 
4.24 
18.76 
0.00 
9.25 
2.41 
0.79 
2.29 
0.58 
1.93 
6.37 
3.46 
4.92 
3.00 
18.70 
17.75 
28.55 
4.44 
4.84 
0.00 
2.54 
6.03 
3.88 
2.46 
12.89 
2.50 
6.04 
3.82 
7.84 
4.09 
7.59 
16.44 
14.60 
1.23 
3.63 
1.61 
5.21 
2.96 
4.49 
9.35 
10.63 
21.96 
9.40 
16.40 
27.94 
18.43 
100.00 
0.00 
9.25 
2.66 
0.89 
2.62 
0.68 
2.28 
7.70 
4.53 
6.75 
4.41 
28.77 
38.34 
100.00 
4.44 
5.06 
0.00 
2.80 
6.84 
4.72 
3.14 
17.00 
3.97 
10.00 
7.02 
15.51 
9.57 
19.65 
52.96 
100.00 
82.05 
80.50 
78.55 
76.48 
73.89 
70.85 
68.22 
63.54 
57.21 
48.07 
40.16 
35.05 
27.46 
20.88 
822.89 
740.84 
660.34 
581.79 
505.31 
431.43 
360.58 
292.37 
228.83 
171.62 
123.55 
83.39 
48.34 
20.88 
20T 
100.00 
100.00 
95.38 
89.55 
87.95 
86.41 
84.97 
83.72 
79.57 
74.65 
70.46 
66.50 
55.65 
37.43 
677.96 
627.96 
912.21 
816.83 
727.29 
639.34 
552.94 
467.97 
384.25 
304,69 
230.04 
159.58 
93.08 
37.43 
25°C 
100.00 
97.78 
93.14 
90.72 
89.45 
85.17 
80.21 
77.04 
69.37 
61.67 
57.40 
52.47 
46.64 
40.68 
34.84 
22,82 
663.51 
613,51 
901.60 
808.46 
717.74 
628.29 
543.13 
462.92 
385.88 
316.51 
254.84 
197.44 
144.97 
98.33 
57.66 
22.82 
10.16 
9.26 
8.56 
7.67 
7.03 
6.18 
5.41 
4.84 
4.24 
4.07 
3.24 
2.61 
2.10 
1.11 
6.78 
6.28 
10.05 
9.25 
8.31 
7.50 
6.53 
5.66 
5.03 
4.18 
3.38 
2.46 
2.01 
1.31 
6.64 
6.42 
9.94 
8.91 
8.14 
7.65 
6.94 
6.11 
6.13 
5.24 
4.69 
3.91 
3.39 
2.55 
1.86 
1.56 
-
-
-
49.31 
138.07 
146.54 
253.27 
254.97 
341.28 
182.04 
103.85 
46.28 
17.25 
7.13 
-
-
-
-
-
-
-
244.11 
510.22 
590.65 
580.72 
612.30 
301.88 
66.81 
-
-
-
-
-
-
-
-
-
172.80 
379.57 
393.36 
346,03 
357.33 
261,36 
58.69 
-
-
-
0,65 
1,92 
2,10 
3.80 
4.22 
6.32 
4.32 
2.72 
1.45 
0.75 
0.38 
28.63 
-
-
-
-
-
-
-
2.95 
6.68 
8,10 
8,54 
9,42 
6,52 
2.34 
44.55 
-
-
-
-
-
-
-
-
-
2,86 
6.98 
7.78 
8.10 
9.25 
8.42 
4.02 
47.41 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
^ J 
4 
5 
6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
100.00 
88.46 
80.12 
75.34 
70.00 
64.54 
61.30 
54.72 
50.80 
41.75 
38.62 
16.44 
100.00 
80.26 
64.32 
54.15 
42.00 
31.21 
24.77 
19.20 
2.50 
100.00 
77.58 
64.94 
56.76 
42.24 
29.16 
11.50 
5.78 
11.54 
8.34 
4.78 
5.34 
5.46 
3.24 
6.58 
3.92 
9.05 
3.13 
22.18 
16.44 
19.74 
15.94 
10.17 
12.15 
10.79 
6.44 
5.57 
16.70 
2.50 
22.42 
12.64 
8.18 
14.52 
13.08 
17.66 
5.72 
5.78 
11.54 
9.43 
5.97 
7.09 
7.80 
5.02 
10.73 
7.16 
17.81 
7.50 
57.43 
100.00 
19.74 
19.86 
15.81 
22.44 
25.69 
20.63 
22.49 
86.98 
100.00 
22.42 
16.29 
12.60 
25.58 
30.97 
60.56 
49.74 
100.00 
27°C 
100.00 
94.23 
84.29 
77.73 
72.67 
67.27 
62.92 
58.01 
52.76 
46.28 
40.19 
27.53 
2 
100.00 
90.13 
72.29 
59.24 
48.08 
36.61 
27.99 
21.99 
10.85 
567.12 
517.12 
589.64 
505.35 
427.62 
354.95 
287.68 
224.76 
166.75 
113.99 
67.72 
27.53 
iOT 
406.31 
356.31 
277.03 
204.74 
145.51 
97.43 
60.83 
32.84 
10.85 
33T 
100.00 
88.79 
71.26 
60.85 
49.50 
35.70 
20.33 
8.64 
385.07 
335.07 
246.28 
175.02 
114.17 
64.67 
28.97 
8.64 
5.67 
5.85 
7.36 
6.71 
6.11 
5.50 
4.69 
4.11 
3.28 
2.73 
1.75 
1.67 
4.06 
4.44 
4.31 
3.78 
3.46 
3.12 
2.46 
1.71 
4.34 
3.85 
4.32 
3.79 
3.08 
2.70 
2.22 
2.52 
1.49 
-
-
-
-
-
-
99.31 
358.42 
417.58 
404.14 
246.40 
62.80 
-
-
-
-
-
47.44 
224.42 
285.31 
22.30 
-
-
-
-
38.86 
113.14 
13.57 
5.20 
-
-
-
-
-
-
1.62 
6.55 
8.22 
9.68 
6.38 
3.82 
36.27 
-
-
-
-
-
1.52 
9.06 
14.86 
8.92 
34.36 
-
-
-
-
0.92 
3.88 
1.18 
0.90 
6.88 
Table-2.2 : Fecundity and reproduction rate of L. erysimi on 
B.jimcea var. RH-30 at constant temperatures 
Pivotal 
age 
(X) 
Nymphal 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
Nymphal 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
33.5 
Nymphal 
13.5 
14.5 
15.5 
16.5 
17.5 
? 
survivorship 
(IJ 
7T 
m^  
stage 0.5 - 11.5 days 
0.136 
0.133 
0.122 
0.116 
0.104 
0.090 
0.081 
0.076 
0.062 
0.049 
0.030 
Total = 
0.000 
0.420 
1.960 
6.300 
12.200 
17.300 
6.900 
6.440 
5.200 
2.880 
0.000 
59.600 
9 T 
stage 0.5 - 14.5 days 
0.084 
0.080 
0.080 
0.076 
0.073 
0.069 
0.068 
0.064 
0.060 
0.054 
0.052 
0.048 
0.042 
0.037 
0.034 
0.028 
0.025 
0.016 
0.011 
Total = 
stage 0.5-12.5 
0.115 
0.109 
0.107 
0.099 
0.099 
0.000 
0.220 
0.640 
1.950 
8.400 
17.100 
14.160 
8.960 
8.800 
8.460 
8.200 
7.260 
6.000 
4.940 
3.500 
3.750 
2.400 
0.000 
0.000 
104.740 
12''C 
days 
0.000 
1.100 
3.040 
8.640 
14.960 
Reproductive 
rate 
Cx-mx) 
0.000 
0.056 
0.239 
0.731 
1.269 
1.557 
0.559 
0.489 
0.322 
0.14] 
0.000 
5.363 
0.000 
0.018 
0.051 
0.148 
0.613 
1.180 
0.963 
0.573 
0.528 
0.457 
0.426 
0.349 
0.252 
0.183 
0.119 
0.105 
0.060 
0.000 
0.000 
6.025 
0.000 
0.120 
0.325 
0.855 
1.481 
l,m,.x 
0.000 
0.755 
3.467 
11.327 
20.935 
27.248 
10.340 
9.543 
6.609 
3.034 
0.000 
93.258 
0.000 
0.290 
0.896 
2.742 
11.957 
24.188 
20.702 
12.902 
12.408 
11.192 
10.873 
9.235 
6.930 
5.210 
3.511 
3.203 
1.890 
0.000 
0.000 
138.128 
0.000 
1.739 
5.042 
14.114 
25.918 
IS.5 
\9.i 
20.5 
21.5 
22.5 
23.5 
24.5 
Nympha 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
0.093 
0.084 
0.075 
0.D71 
0.065 
0.053 
0.032 
Total = 
1 stage 0.5-9.5 
0.137 
0.130 
0.126 
0.121 
0.109 
0.098 
0.076 
0.069 
0.058 
0.042 
0.034 
Total = 
20.500 
25.500 
19.460 
12.800 
11.250 
9.200 
4.950 
131.400 
15T 
days 
0.000 
1.920 
4.200 
11.400 
16.880 
31.600 
25.920 
19.040 
11.600 
6.750 
3.800 
133.110 
20T 
1 stage 0.5-6.5 days 
0.188 
0.174 
0.166 
0.155 
0.148 
0.105 
0.065 
Total = 
0.000 
6.680 
16.200 
25.620 
37.680 
32.600 
14.040 
132.820 
25^0 
stage 0.5-8.5 days 
0.207 
0.186 
0.173 
0.146 
0.132 
0.106 
0.050 
Total = 
0.000 
6.980 
15.560 
24.300 
37.000 
42.100 
24.120 
150.060 
27T 
Nymphal stage 0.5-5.5 days 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
0.233 
0.208 
0.193 
0.159 
C.147 
0.063 
Total = 
0.000 
6.550 
16.440 
29.040 
25.520 
19.100 
96.650 
1.907 
2.142 
1.460 
0.909 
0.731 
0.488 
0.158 
10.576 
0.000 
0.250 
0.529 
1.379 
1.840 
3.097 
1.970 
1.314 
0.673 
0.284 
0.129 
1! .464 
0.000 
1.162 
2.689 
3.971 
5.577 
3.423 
0.913 
17.735 
0.000 
1.298 
2.692 
3.548 
4.884 
4.463 
1.206 
18.091 
0.000 
1.362 
3.173 
4.617 
3.751 
1.203 
14.107 
35.270 
41.769 
29.920 
19.539 
16.454 
11.459 
3.881 
203.366 
0.000 
2.870 
6.615 
18.622 
26.679 
48.000 
32.503 
22.992 
12.447 
5.528 
2.649 
178.905 
0.000 
9.880 
25.547 
41.697 
64.131 
42.788 
12.320 
196.362 
0.000 
13.632 
30.957 
44.348 
65.934 
64.708 
18.693 
238.271 
0.000 
10.218 
26.970 
43.865 
39.390 
13.838 
134.281 
Nymphal stage 0.5-4.5 
5.5 
6.5 
7.5 
8.5 
iN'ymphal 
4.5 
5.5 
6.5 
7.5 
0.402 
0.319 
0.247 
0.032 
Total = 
stage 0.5-3.5 
0.476 
0.329 
0.130 
0.065 
Total = 
30°C 
days 
da} 
0.000 
9.060 
29.720 
26.760 
65.540 
33T 
/s 
0.000 
3.880 
2.360 
2.700 
8.940 
0.000 
2.890 
7.341 
0.856 
11.087 
0.000 
1.277 
0.307 
0.176 
1.759 
0.000 
18.786 
55.056 
7.279 
81.120 
0.000 
7.021 
1.994 
1.316 
10.331 
Table-3.1: Age specific life table of L. erysimi on B.Jnncea var. Chapka-111 at constant 
temperatures 
X 
0 
1 
2 
1 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
0 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Ix 
100.00 
98.72 
98.72 
96.40 
92.00 
90.52 
87.68 
85.48 
81.16 
77.24 
72.40 
70.00 
70.00 
68.56 
67.64 
62.71 
60.80 
53.08 
50.09 
46.18 
40.27 
32.45 
100.00 
97.02 
95.10 
95.10 
93.09 
91.28 
90.35 
88.42 
86.18 
84.00 
81.00 
79.18 
76.56 
75.72 
73.30 
68.60 
66.00 
64.24 
60.91 
dx 
1.28 
0.00 
2.32 
4.40 
1.48 
2.84 
2.20 
4.32 
3.92 
4.84 
2.40 
0.00 
1.44 
0.92 
4.93 
1.91 
7.72 
2.99 
3.91 
5.91 
7.82 
32.45 
2.98 
1.92 
0.00 
2.01 
1.81 
0.93 
1.93 
2.24 
2.18 
3.00 
1.82 
2.62 
0.84 
2.42 
4.70 
2.60 
1.76 
3.33 
2.05 
lOOq, 
1.28 
0.00 
2.35 
4.56 
1.61 
3.14 
2.51 
5.05 
4.83 
6.27 
3.31 
0.00 
2.06 
1.34 
7.29 
3.05 
12.70 
5.63 
7.81 
12.80 
19.42 
100.00 
2.98 
1.98 
0.00 
2.11 
1.94 
1.02 
2.14 
2.53 
2.53 
3.57 
2.25 
3.31 
1.10 
3.20 
6.41 
3.79 
2.67 
5.18 
3.37 
7T 
Lx 
100.00 
99.36 
98.72 
97.56 
94.20 
91.26 
89.10 
86.58 
83.32 
79.20 
74.82 
71.20 
70.00 
69.28 
68.10 
65.18 
61.76 
56.94 
51.59 
48.14 
43.23 
36.36 
9°C 
100.00 
98.51 
96.06 
95.10 
94.10 
92.19 
90.82 
89.39 
87.30 
85.09 
82.50 
80.09 
77.87 
76.14 
74.51 
70.95 
67.30 
65.12 
62.58 
Tx 
1585.88 
1535.88 
1436.52 
1337.80 
1240.24 
1146.04 
1054.78 
965.68 
879.10 
795.78 
716.58 
641.76 
570.56 
500.56 
431.28 
363.18 
298.00 
236.25 
179.31 
127.72 
79.59 
36.36 
2046.28 
2033.28 
1968.72 
1872.66 
1777.56 
1683.46 
1591.28 
1500.46 
1411.08 
1323.78 
1238.69 
1156.19 
1076.10 
998.23 
922.09 
847.58 
776.63 
709.33 
644.21 
Cx 
15.86 
15.56 
14.55 
13.88 
13.48 
12.66 
12.03 
11.30 
10.83 
10.30 
9.90 
9.17 
8.15 
7.30 
6,38 
5.79 
4.90 
4.45 
3.58 
2.77 
1.98 
1.12 
20.46 
20.96 
20.70 
19.69 
19.10 
18.44 
17.61 
16.97 
16.37 
15.76 
15.29 
14.60 
14.06 
13.18 
12.58 
12.36 
11.77 
1!.04 
10.58 
Total 
offspring 
-
-
-
-
-
-
-
-
-
-
14.48 
45.50 
85.40 
154.26 
213.07 
233.28 
77.82 
55.73 
30.05 
19.40 
7.25 
3.25 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
13.72 
27.72 
34.69 
73.09 
Offspring/? 
-
-
-
-
-
-
-
-
-
-
0.20 
0.65 
1.22 
2.25 
3.15 
3.72 
1.28 
1.05 
0.60 
0.42 
0.18 
0.10 
14.82 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.20 
0.42 
0.54 
1.20 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
0 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
0 
1 
2 
3 
4 
5 
6 
7 
8 
58.86 
57.82 
55.70 
54.64 
51.12 
51.06 
46.15 
44.00 
41.50 
38.76 
35.24 
32.65 
100.00 
96.62 
94.40 
93.52 
91.86 
89.91 
87.00 
85.06 
82.78 
80.82 
80.82 
78.68 
76.33 
74.00 
71.46 
70.52 
68.34 
65.58 
62.75 
60.18 
56.92 
51.65 
46.72 
24.45 
100.00 
97.16 
94.54 
93.36 
90.40 
90.40 
«7.56 
86.18 
85.91 
1.04 
2.12 
1.06 
3.52 
0.06 
4.91 
2.15 
2.50 
2.74 
3.52 
2.59 
32.65 
3.38 
2.22 
0.88 
1.66 
1.95 
2.91 
1.94 
2.28 
1.96 
0.00 
2.14 
2.35 
2.33 
2.54 
0.94 
2.18 
2.76 
2.83 
2.57 
3.26 
5.27 
4.93 
22.27 
24.45 
2.84 
2.62 
1.18 
2.96 
0.00 
2.84 
1.38 
0.27 
4.33 
1.77 
3.67 
1.90 
6.44 
0.12 
9.62 
4.66 
5.68 
6.60 
9.08 
7.35 
100.00 
3.38 
2.30 
0.93 
1.78 
2.12 
3.24 
2.23 
2.68 
2.37 
0.00 
2.65 
2.99 
3.05 
3.43 
1.32 
3.09 
4.04 
4.32 
4.10 
5.42 
9.26 
9.55 
47.67 
100.00 
2.84 
2.70 
1.25 
3.17 
0.00 
3.14 
1.58 
0.31 
5.04 
59.89 
58.34 
56.76 
55.17 
52.88 
51.09 
48.61 
45.08 
42.75 
40.13 
37.00 
33.95 
12T 
100.00 
98.31 
95.51 
93.96 
92,69 
90.89 
88.46 
86.03 
83.92 
81.80 
80.82 
79.75 
77.51 
75.17 
72.73 
70.99 
69.43 
66.96 
64.17 
61.47 
58.55 
54.29 
49.19 
35.59 
1 5 ^ 
100.00 
98.58 
95.85 
93.95 
91.88 
90.40 
88.98 
86.87 
86.05 
581.63 
521.75 
463.41 
406.65 
351.48 
298.60 
247.51 
198.90 
153.83 
111.08 
70.95 
33.95 
1778.15 
1728.15 
1629.84 
1534.33 
1440.37 
1347.68 
1256.79 
1168.34 
1082.31 
998.39 
916.59 
835.77 
756.02 
678.51 
603.35 
530.62 
459.63 
390.20 
323.24 
259.07 
197.61 
139.06 
84.77 
35.59 
1428.58 
1378.58 
1280.00 
1184.15 
1090.20 
998.32 
907.92 
818.94 
732.07 
9.88 
9.02 
8.32 
7.44 
6.88 
5.85 
5.36 
4.52 
3.71 
2.87 
2.01 
1.04 
17.78 
17.89 
17.27 
16.41 
15.68 
14.99 
14.45 
13.74 
13.07 
12.35 
11.34 
10.62 
9.90 
9.17 
8.44 
7.52 
6.73 
5.95 
5.15 
4.30 
3.47 
2.69 
1.81 
1.46 
14.29 
14.19 
13.54 
12.68 
12.06 
11.04 
10.37 
9.50 
8.52 
151.86 
223.19 
157.07 
106.00 
75.66 
62.29 
50.77 
39.60 
33.20 
24.81 
15.51 
8.49 
-
-
-
-
-
-
-
-
-
-
-
-
26.72 
112.48 
132.92 
207.33 
263.79 
293.80 
286.14 
131,19 
80.83 
54.23 
45.79 
15.16 
-
-
-
-
-
-
-
-
-
2.58 
3.86 
2,82 
1.94 
1.48 
1.22 
1.10 
0.90 
0.80 
0.64 
0.44 
0.26 
20.40 
-
-
-
-
-
-
-
-
-
-
-
-
0.35 
1.52 
1.86 
2.94 
3.86 
4,48 
4.56 
2.18 
1.42 
1.05 
0.98 
0.62 
25.82 
-
-
-
-
-
-
-
-
-
9 
10 
1! 
12 
13 
14 
15 
16 
17 
18 
0 
1 
2 
o J 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
0 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
81.58 
79.72 
73.65 
70.44 
65.60 
62.15 
60.00 
50,00 
42.28 
35.30 
100.00 
100.00 
93.38 
92.46 
90.54 
88.32 
86.12 
82.20 
80.45 
78.34 
62.00 
35.00 
100.00 
96.40 
93.78 
90.58 
89.96 
86.14 
83.00 
80.36 
72.78 
65.36 
60.24 
56.48 
50.21 
39.77 
23.00 
100.00 
89.30 
82.56 
80.16 
77.24 
72.40 
1.86 
6.07 
3.2! 
4.84 
3.45 
2.15 
10.00 
7.72 
6.98 
35.30 
0.00 
6.62 
0.92 
1.92 
2.22 
2.20 
3.92 
1.75 
2.11 
16.34 
27.00 
35.00 
3.60 
2.62 
3.20 
0.62 
3.82 
3.14 
2.64 
7.58 
7.42 
5.12 
3.76 
6.27 
10.44 
16.77 
23.00 
10.70 
6.74 
2.40 
2.92 
4.84 
5.40 
2.28 
7.61 
4.36 
6.87 
5.26 
3.46 
16.67 
15.44 
16.51 
100.00 
0.00 
6.62 
0.99 
2.08 
2.45 
2.49 
4.55 
2.13 
2.62 
20.86 
43.55 
100.00 
3.60 
2.72 
3.41 
0.68 
4.25 
3.65 
3.18 
9.43 
10.20 
7.83 
6.24 
11.10 
20.79 
42.17 
100.00 
10.70 
7.55 
2.91 
3.64 
6.27 
7.46 
83.75 
80.65 
76.69 
72.05 
68.02 
63.88 
61.08 
55.00 
46.14 
38.79 
2 0 ^ 
100.00 
100.00 
96.69 
92.92 
91.50 
89.43 
87.22 
84.16 
81.33 
79.40 
70.17 
48.50 
25T 
100.00 
98.20 
95.09 
92.18 
90.27 
88.05 
84.57 
81.68 
76.57 
69.07 
62.80 
58,36 
53.35 
44.99 
31.39 
27T 
100.00 
94.65 
85.93 
81.36 
78.70 
74.82 
646.03 
562.28 
481.63 
404.95 
332.90 
264.88 
201.01 
139.93 
84.93 
38.79 
971.31 
921.31 
821.31 
724.62 
631.70 
540.20 
450.77 
363.55 
279.39 
198.07 
118.67 
48.50 
1076.56 
1026.56 
928.36 
833.27 
741.09 
650.82 
562.77 
478.20 
396.52 
319.95 
250.88 
188.08 
129.72 
76.38 
31.39 
849.35 
799.35 
704.70 
618.77 
537.41 
458,71 
7.92 
7.05 
6.54 
5.75 
5.07 
4.26 
3,35 
2.80 
2.01 
1.10 
9.71 
9.21 
8.80 
7.84 
6.98 
6.12 
5.23 
4.42 
3.47 
2.53 
1.91 
1.39 
10.77 
10.65 
9.90 
9.20 
8.24 
7.56 
6.78 
5.95 
5.45 
4.90 
4.16 
2.58 
1.92 
1.36 
8.49 
8.95 
8.54 
7.72 
6.96 
6.34 
65.26 
171.40 
169.40 
276.12 
292.58 
413.30 
200,40 
113.50 
55.81 
24.00 
-
-
-
-
-
-
262.67 
583.62 
784.39 
777.13 
331,08 
89.60 
-
-
-
-
-
-
-
-
229.26 
513.08 
487.94 
477.82 
478.00 
312.59 
117.76 
-
-
-
-
-
-
0.80 
2.15 
2.30 
3.92 
4.46 
6.65 
3.34 
2.27 
1.32 
0.68 
27.89 
-
-
-
-
-
-
3.05 
7.10 
9.75 
9.92 
5,34 
2.56 
37.72 
-
-
-
-
-
-
-
-
3.15 
7.85 
8.10 
8.46 
9.52 
7.86 
5.12 
50.06 
-
-
-
-
-
-
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
4 
5 
6 
7 
6^.00 
62.48 
60.80 
55.06 
51.00 
39.55 
23.60 
100.00 
84.14 
62.56 
60.72 
47.91 
38.88 
27.33 
20.09 
100.00 
74.52 
60.34 
58.06 
46.66 
35.18 
23.94 
14.25 
4.52 
1.68 
5.74 
4.06 
11.45 
15.95 
23.60 
15.86 
21.58 
1.84 
12.81 
9.03 
11.55 
7.24 
20.09 
25.48 
14.18 
2.28 
11.40 
11.48 
11.24 
9.69 
14.25 
6.75 
2.69 
9.44 
7.37 
22.45 
40.33 
100.00 
15.86 
25.65 
2.94 
21.10 
18.85 
29.71 
26.49 
100.00 
25.48 
19.03 
3.78 
19.63 
24.60 
31.95 
40.48 
100.00 
69.70 
64.74 
61.64 
57.93 
53.03 
45.28 
31.58 
30T 
100.00 
92.07 
73.35 
61.64 
54.32 
43.40 
33.11 
23.71 
33T 
100.00 
87.26 
67.43 
59.20 
52.36 
40.92 
29.56 
19.10 
383.89 
314.19 
249.45 
187.81 
129.88 
76.85 
31.58 
431.59 
381.59 
289.52 
216.17 
154.53 
100.21 
56.82 
23.71 
405.83 
355.83 
268.57 
201.14 
141.94 
89.58 
48.66 
19.10 
5.73 
5.03 
4.10 
3.41 
2.55 
1.94 
1.34 
4.32 
4.54 
4.63 
3.56 
J . 2 J 
2.58 
2.08 
1.18 
4.06 
4.77 
4.45 
3.46 
3.04 
2.55 
2.03 
1.34 
124.62 
426.11 
517.41 
541.79 
276.42 
137.63 
55.70 
-
-
-
-
77.61 
371.69 
403.12 
156.70 
-
-
-
-
57.86 
139.31 
61.77 
23.51 
1.86 
6.82 
8.51 
9.84 
5.42 
3.48 
2.36 
38.29 
-
-
-
-
1.62 
9.56 
14.75 
7.80 
33.73 
-
-
-
-
1.24 
3.96 
2.58 
1.65 
9.43 
Table-3.2 : Fecundity and reproduction rate of L. eiysimi on B.juncea 
var. Chapka-] 11 at constant temperatures 
Pivotal 
age 
(X) 
9 
survivorshi 
(ix) 
Nymphal stage 0.5 - 9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
Nymphal 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
Nymphal 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
0.104 
0.101 
0.101 
0.099 
0.097 
0.090 
0.088 
0.076 
0.072 
0.067 
0.058 
0.047 
Total = 
TC 
P mx 
days 
0.000 
0.650 
2.440 
6.750 
12.600 
18.600 
7.680 
7.350 
4.800 
3.780 
1.800 
1.100 
67.550 
9 T 
stage 0.5 - 14.5 days 
0.083 
0.080 
0.078 
0.074 
0.071 
0.070 
0.067 
0.066 
0.062 
0.062 
0.056 
0.053 
0.050 
0.047 
0.043 
0.039 
Total = 
0.000 
0.420 
1.080 
3.600 
10.320 
19.300 
16.920 
13.580 
11.840 
10.980 
11.000 
9.900 
9.600 
8.320 
6.160 
3.900 
136.920 
12T 
stage 0.5-11.5 days 
0.105 
0.102 
0.098 
0.097 
0.094 
0.090 
0.086 
0.000 
1.520 
3.720 
8.820 
15.440 
22.400 
27.360 
Reproductive 
rate 
dx-mJ 
0.000 
0.066 
0.246 
0.668 
1.222 
1.674 
0.676 
0.559 
0.346 
0.253 
0.104 
0.052 
5.866 
0.000 
0.034 
0.084 
0.266 
0.733 
1.351 
1.134 
0.896 
0.734 
0.681 
0.616 
0.525 
0.480 
0.391 
0.265 
0.152 
8.341 
0.000 
0.155 
0.365 
0.856 
1.451 
2.016 
2.353 
l,m,.x 
0.000 
0.756 
3.080 
9.022 
17.722 
25.947 
11.151 
9.776 
6.394 
4.939 
2.140 
1.112 
92.037 
0.000 
0.554 
1.474 
4.928 
14.288 
27.696 
24.372 
20.167 
17.251 
16.680 
15.708 
13.905 
13.200 
11.144 
7.815 
4.639 
193.819 
0.000 
2.093 
5.287 
13.260 
23.948 
35,280 
43.531 
19,5 
20,5 
21,5 
22.5 
23,5 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
Nymphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
0,083 
0,078 
0,07! 
0,064 
0.034 
Total = 
stage 0.5-8.5 day; 
0.131 
0.128 
0.119 
0.113 
0.106 
0.100 
0.097 
0.081 
0.068 
0.057 
Total = 
stage 0.5-5.5 day; 
0.203 
0.194 
0.190 
0.185 
0.146 
0.083 
Total = 
stage 0.5-7.5 days 
0.198 
0.178 
0.164 
0.154 
0.136 
0.108 
0.063 
Total = 
stage 0.5-5.5 days 
0.186 
0.174 
0.169 
0.153 
0.142 
0.110 
0.066 
Total = 
15,260 
11,360 
9,450 
9,800 
6,820 
131,950 
15T 
s 
0.000 
2.150 
4.600 
11.760 
17.840 
33.250 
20.040 
15.890 
10.560 
6.120 
122.210 
20''C 
3 
0.000 
7.100 
19.500 
29.760 
21.360 
12.800 
90.520 
25T 
0.000 
7,850 
16,200 
25,380 
38,080 
39,300 
30,720 
157,530 
27T 
0.000 
6.820 
17.020 
29.520 
21.680 
17.400 
14.160 
106.600 
1.267 
0,886 
0,671 
0,627 
0,232 
10,878 
0.000 
0.275 
0.547 
1.329 
1.891 
3.325 
1.944 
1.287 
0.718 
0.349 
11.665 
0.000 
1.377 
3.705 
5.506 
3.119 
1.062 
14.769 
0.000 
1.397 
2.657 
3.909 
5.179 
4.244 
1.935 
19.321 
0.000 
1.187 
2.876 
4.517 
3.079 
1.914 
0.935 
14.507 
24.699 
18.165 
14.427 
14.112 
5.450 
200.250 
0.000 
2.890 
6.295 
16.611 
25.529 
48.213 
30.130 
21.237 
12.567 
6.453 
169.924 
0.000 
10.331 
31.493 
52.303 
32.745 
12.218 
139.089 
0.000 
13.274 
27.896 
44.948 
64.736 
57.299 
28.063 
236.217 
0.000 
8.900 
24.449 
42.908 
32.325 
22.011 
11.683 
142.276 
30T 
Nyinphal stage 0.5-3.5 days 
4,5 0.357 0.000 
5.5 0.290 9.560 
6.5 0.204 29.500 
7.5 0.150 23.400 
0.000 
2.772 
6.018 
3.510 
0.000 
15.248 
39.117 
26.325 
Total 62,460 12.300 80.690 
rc 
Nymphal stage 0.5-3.5 days 
4.5 0.389 0.000 
5.5 0.293 3.960 
6.5 0.199 5.160 
7.5 0.119 4.950 
0.000 
1.160 
1.027 
0.589 
0.000 
6.382 
6.674 
4.418 
Total = 14.070 2.776 17.474 
riib!e-4.! : Age specific life table of L. erysimi on B.jimcea var. Varuna at constant temperatures 
\ 
0 
i 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1. 
100.00 
97.34 
93.00 
92.06 
90.58 
88.96 
85.42 
82.15 
78.20 
75.33 
68.40 
65.62 
60.38 
56.86 
54.18 
51.00 
47.00 
40.48 
39.14 
32.05 
28.22 
22.35 
18.64 
9.75 
100.00 
98.56 
94.62 
93.40 
91.06 
90.00 
90.00 
87.32 
86.15 
83.12 
80.66 
76.78 
73.58 
65.09 
63.36 
59.40 
56.22 
51.28 
d. 
2.66 
4.34 
0.94 
1.48 
1.62 
3.54 
3.27 
3.95 
2.87 
6.93 
2.78 
5.24 
3.52 
2.68 
3.18 
4.00 
6.52 
1.34 
7.09 
3.83 
5.87 
3.71 
8.89 
9.75 
1.44 
3.94 
1.22 
2.34 
1.06 
0.00 
2.68 
1.17 
3.03 
2.46 
3.88 
3.20 
8.49 
1.73 
3.96 
3.18 
4.94 
4.89 
lOOq, 
2.66 
4.46 
1.01 
1.61 
1.79 
3.98 
3.83 
4.81 
3.67 
9.20 
4.06 
7.99 
5.83 
4.71 
5.87 
7.84 
13.87 
3.31 
18.11 
11.95 
20.80 
16.60 
47.69 
100.00 
1.44 
4.00 
1.29 
2.51 
1.16 
0.00 
2.98 
1.34 
3.52 
2.96 
4.81 
4.17 
11.54 
2.66 
6.25 
5.35 
8.79 
9.54 
7T 
L, 
100.00 
98.67 
95.17 
92.53 
91.32 
89.77 
87.19 
83.79 
80.18 
76.77 
71.87 
67.01 
63.00 
58.62 
55.52 
52.59 
49.00 
43.74 
39.81 
35.60 
30.14 
25.29 
20.50 
14.20 
9 T 
100.00 
99.28 
96.59 
94.01 
92.23 
90.53 
90.00 
88.66 
86.74 
84.64 
81.89 
78.72 
75.18 
69.34 
64.23 
61.38 
57.81 
53.75 
T. 
688.44 
638.44 
539.77 
444.60 
352.07 
1044.55 
954.78 
867.59 
783.80 
703.63 
626.86 
555.00 
487.99 
424.99 
366.37 
310.85 
258.26 
209.26 
165.52 
125.71 
90.11 
59.98 
34.69 
14.20 
701.30 
651.30 
552.02 
455.43 
361.42 
1352.87 
1262.34 
1172.34 
1083.68 
996.95 
912.31 
830.42 
751.70 
676.52 
607.19 
542.96 
481.58 
423.77 
ex 
6.88 
6.56 
5.80 
4.83 
3.89 
11.74 
11.18 
10.56 
10.02 
9.34 
9.16 
8.46 
8.08 
7.47 
6.76 
6.10 
5.49 
5.17 
4.23 
3.92 
3.19 
2.68 
1.86 
1.46 
7.01 
6.61 
5.83 
4.88 
3.97 
15.03 
14,03 
13.43 
12.58 
11.99 
11.31 
10.82 
10.22 
10.39 
9.58 
9.14 
8.57 
8.26 
Total 
offspring 
-
-
-
-
-
-
-
-
-
-
-. 
-
0.00 
0.15 
0.70 
1.95 
7.60 
15.30 
19.50 
8.75 
5.60 
4.05 
2.80 
0.00 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.42 
1.56 
6.18 
Offspring/0 
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.15 
0.35 
0.65 
1.90 
3.06 
3.25 
1.25 
0.70 
0.45 
0.28 
0.00 
12.04 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.42 
0.78 
2.06 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
0 
1 
2 
46.39 
42.46 
36.75 
32.86 
29.18 
26.36 
26.36 
22.54 
19.50 
15.02 
13.40 
13.40 
10.56 
8.10 
3.00 
100.00 
97.18 
95.35 
95.35 
91.46 
90.78 
86.92 
84.34 
82.10 
80.06 
77.60 
73.55 
71.20 
70.33 
67.60 
63.56 
60.78 
58.92 
55.63 
50.45 
42.72 
36.21 
30.27 
21.00 
19.05 
15.39 
13.40 
100.00 
94.25 
92.00 
3.93 
5.71 
3.89 
3.68 
2.82 
0.00 
3.82 
3.04 
4.48 
1.62 
0.00 
2.84 
2.46 
5.10 
3.00 
2,82 
1.83 
0.00 
3.89 
0.68 
3.86 
2.58 
2,24 
2.04 
2,46 
4.05 
2.35 
0.87 
2.73 
4.04 
2.78 
1.86 
3.29 
5.18 
7.73 
6.51 
5.94 
9.27 
1.95 
3.66 
1.99 
13.40 
5.75 
2.25 
0.00 
8.47 
13.45 
10.59 
11.20 
9.66 
0.00 
14.49 
13.49 
22.97 
10.79 
0.00 
21.19 
23.30 
62.96 
100.00 
2.82 
1.88 
0.00 
4.08 
0.74 
4.25 
2.97 
2.66 
2.48 
3.07 
5.22 
3.20 
1.22 
3.88 
5.98 
4.37 
3.06 
5.58 
9.31 
15.32 
15.24 
16.40 
30.62 
9.29 
19.21 
12.93 
100.00 
5.75 
2.39 
0.00 
48.84 
44.43 
39.61 
34.81 
31.02 
27.77 
26.36 
24.45 
21.02 
17.26 
14.21 
13.40 
11.98 
9.33 
5.55 
WC 
100.00 
98.59 
96.27 
95.35 
93.41 
91.12 
88.85 
85.63 
83.22 
81.08 
78.83 
75.58 
72.38 
70.77 
68.97 
65.58 
62.17 
59.85 
57,28 
53.04 
46.59 
39.47 
33.24 
25.64 
20.03 
17.22 
14.40 
15T 
100.00 
97.13 
93.13 
370.02 
321.19 
276.76 
237.16 
202.35 
171.33 
143.56 
117.20 
92.75 
71.73 
54.47 
40.26 
26.86 
14.88 
5.55 
699.21 
649.21 
550.62 
454.36 
359.01 
1290.89 
1199.77 
1110.92 
1025.29 
942.07 
860.99 
782.16 
706.59 
634.21 
563.45 
494.48 
428.90 
366.73 
306.88 
249.61 
196.57 
149.98 
110.52 
77.28 
51.64 
31.62 
14.40 
674.72 
624.72 
527.60 
7.98 
7.56 
7.53 
7.22 
6.93 
6.50 
5.45 
5.20 
4.76 
4.78 
4.06 
3.00 
2.54 
1.84 
1.85 
6.99 
6.68 
5.77 
4.77 
3.93 
14.22 
13.80 
13.17 
12.49 
11.77 
11.10 
10.63 
9.92 
9.02 
8.33 
7.78 
7.06 
6.22 
5.52 
4.95 
4.60 
4.14 
3.65 
3.68 
2.71 
2.05 
1.07 
6.75 
6.63 
5.73 
12.96 
16.80 
12.60 
7.70 
7.84 
6.48 
6.50 
5.50 
4.56 
3.38 
2.52 
1.80 
0.96 
0.00 
0.00 
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.92 
2.92 
8.64 
15.28 
20.30 
25.26 
14.00 
12.40 
12.24 
12.40 
8.80 
6.24 
2.34 
-
-
-
3.24 
3.36 
2.10 
1.10 
0.98 
0.72 
0.65 
0.50 
0.38 
0.26 
0.18 
0.12 
0.06 
0.00 
0.00 
16.91 
-
-
-
-
-
-
-
-
-
-
-
-
-
0.00 
0.92 
1.46 
2.88 
3.82 
4.06 
4.21 
2.00 
1.55 
1.36 
1.24 
0.80 
0.52 
0.18 
25.00 
-
-
-
_"> 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
1 
^ 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
92.00 
92.00 
85.30 
80.08 
78.18 
77.33 
75.30 
75.52 
74.64 
72.81 
68.72 
66.20 
61.34 
52.56 
46.88 
40.92 
32.00 
21.82 
100.00 
100.00 
96.32 
88.22 
84.00 
80.62 
78.54 
62.36 
55.42 
50.20 
42.14 
40.06 
28.00 
100.00 
96.48 
94.52 
92.34 
90.78 
81.00 
75.92 
73.36 
64.45 
60.08 
60.08 
53.00 
45.92 
40.15 
0.00 
6.70 
5.22 
1.90 
0.85 
2,03 
-0.22 
0.88 
1.83 
4.09 
2.52 
4.86 
8.78 
5.68 
5.96 
8.92 
10.18 
21.82 
0.00 
3.68 
8.10 
4.22 
3.38 
2.08 
16.18 
6.94 
5.22 
8.06 
2.08 
12.06 
28.00 
3.52 
1.96 
2.18 
1.56 
9.78 
5.08 
2.56 
8.91 
4.37 
0.00 
7.08 
7.08 
5.77 
3.94 
0.00 
7.28 
6.12 
2.37 
1.09 
2.63 
-0.29 
1.17 
2.45 
5.62 
3.67 
7.34 
14.31 
10.81 
12.71 
21.80 
31.81 
100.00 
0.00 
3.68 
8.41 
4.78 
4.02 
2.58 
20.60 
11.13 
9.42 
16.06 
4.94 
30.10 
100.00 
3.52 
2.03 
2.31 
1.69 
10.77 
6.27 
3.37 
12.15 
6.78 
0.00 
11.78 
13.36 
12.57 
9.81 
92.00 
92.00 
88.65 
82.69 
79.13 
77,76 
76.32 
75.41 
75.08 
73.73 
70.77 
67.46 
63.77 
56.95 
49.72 
43.90 
36.46 
26.91 
WZ 
100,00 
100.00 
98.16 
92.27 
86.11 
82.31 
79.58 
70.45 
58.89 
52.81 
46.17 
41.10 
34.03 
25T 
100.00 
98.24 
95.50 
93.43 
91.56 
85.89 
78.46 
74.64 
68.91 
62.27 
60.08 
56.54 
49.46 
43.04 
434.47 
342.47 
1044.69 
956.04 
873.35 
794.22 
716.47 
640.15 
564.74 
489.66 
415.94 
345.17 
277.71 
213.94 
156.99 
107.27 
63.37 
26.91 
658,88 
608,88 
508.88 
410.72 
318.45 
465.34 
383.03 
303.45 
233.00 
174.11 
121.30 
75.13 
34.03 
667.72 
617.72 
519.48 
423.98 
330.55 
705.98 
620.09 
541.63 
466.99 
398.09 
335.82 
275.74 
219.20 
169.74 
4.72 
3.72 
12.25 
11.94 
11.17 
10.27 
9,51 
8.48 
7.57 
6.73 
6.05 
5.21 
4.53 
4.07 
3.35 
2.62 
1.98 
1.23 
6.59 
6,09 
5,28 
4.66 
3.79 
5.77 
4.88 
4.87 
4.20 
3.47 
2.88 
1,88 
1,22 
6.68 
6,40 
5,50 
4.59 
3.64 
8.72 
8.17 
7.38 
7.25 
6.63 
5.59 
5.20 
4.77 
4.23 
-
-
-
-
-
-
-
0.00 
1.86 
4.20 
11.76 
16.60 
31.50 
26.16 
19.04 
11.04 
5.58 
2.60 
-
-
-
-
-
-
0.00 
6.52 
15.96 
24.54 
37.52 
43.20 
20.70 
-
-
-
-
-
-
-
-
-
0.00 
6.92 
15.12 
24.45 
37.68 
-
-
-
-
-
-
-
0.65 
1.86 
2.10 
3.92 
4.15 
6.30 
4.36 
2.72 
1.38 
0.62 
0.26 
28.32 
-
-
-
-
-
-
2.95 
6.52 
7.98 
8.18 
9.38 
8.64 
3.45 
47.10 
-
-
-
-
-
-
-
-
-
2.76 
6.92 
7.56 
8.15 
9.42 
14 
15 
16 
17 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
-1 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
36.21 
32.26 
27.35 
21.62 
100.00 
91.15 
87.00 
86.10 
80.72 
73.66 
70.45 
62.22 
51.38 
42.46 
36.78 
31.15 
100.00 
87.22 
81.70 
65.08 
51.92 
46.88 
32.00 
28.45 
19.68 
12.25 
100.00 
72.38 
57.49 
39.51 
30.77 
22.81 
14.00 
6.70 
3.95 
4.91 
5.73 
21.62 
8.85 
4.15 
0.90 
5.38 
7.06 
3.21 
8.23 
10.84 
8.92 
5.68 
5.63 
31.15 
12.78 
5.52 
16.62 
13.16 
5.04 
14.88 
3.55 
8.77 
7.43 
12.25 
27.62 
14.89 
17.98 
8.74 
7.96 
8.81 
7.30 
6.70 
10.91 
15.22 
20.95 
100.00 
8.85 
4.55 
1.03 
6.25 
8.75 
4.36 
11.68 
17.42 
17.36 
13.38 
15.31 
100.00 
12.78 
6.33 
20.34 
20.22 
9.71 
31.74 
11.09 
30.83 
37.75 
100.00 
27.62 
20.57 
31.28 
22.12 
25.87 
38.62 
52.14 
100.00 
38.18 
34.24 
29.81 
24.49 
27"C 
100.00 
95.58 
89.08 
86.55 
83.41 
77.19 
72.06 
66.34 
56.80 
46.92 
39.62 
33.97 
30T 
100.00 
93.61 
84.46 
73.39 
58.50 
49.40 
39.44 
30.23 
24.07 
15.97 
33T 
100.00 
86.19 
64.94 
48.50 
35.14 
26.79 
18.41 
10.35 
126.71 
88.53 
54.29 
24.49 
620.19 
570.19 
474.62 
385.54 
298.99 
392.89 
315.70 
243.64 
177.31 
120.51 
73.59 
33.97 
479.03 
429.03 
335.42 
250.96 
177.57 
159.10 
109.70 
70.26 
40.03 
15.97 
340.31 
290.31 
204.12 
139.19 
90.69 
55.55 
28.76 
10.35 
3.50 
2.74 
1.99 
1.13 
6,20 
6.26 
5.46 
4.48 
3.70 
5.33 
4.48 
3.92 
3.45 
2.84 
2.00 
1.09 
4.79 
4.92 
4.11 
3.86 
3.42 
3.39 
3.43 
2.47 
2.03 
1.30 
3.40 
4.01 
3.55 
3.52 
2.95 
2.44 
2.05 
1.54 
42.10 
40.32 
29.05 
9.76 
-
-
-
-
-
-
0.00 
7.05 
16.24 
28.26 
23.92 
16.00 
-
-
-
-
-
0.00 
9.08 
26.50 
15.78 
13.68 
-
-. 
-
-
0 
3.32 
2.3 
1.38 
8.42 
6.72 
4.15 
1.22 
55.32 
-
-
-
-
-
-
1.33 
7.05 
8.12 
9.42 
5.98 
3.20 
35.10 
-
-
-
-
-
1.52 
9.08 
13.25 
5.26 
3.42 
32.53 
-
-
-
-
0.95 
3.32 
1.15 
0.46 
5.88 
Table-4.2 : Fecundity and reproduction rate of Z,. eiysimi on 
B. juncea var. Varuna at constant temperatures 
Pivotal 
age 
(X) 
Nymphal 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
Nymphal 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
29.5 
30.5 
31.5 
32.5 
Nymphal 
13.5 
14.5 
15.5 
? 
survivorship 
dx) 
stage 0.5- 11.5 
0.131 
0.124 
0.118 
0.111 
0.102 
0.088 
0.085 
0.070 
0.061 
0.049 
0.041 
0.021 
Total = 
7T 
m. 
days 
0.000 
0.150 
0.700 
1.950 
7.600 
15.300 
19.500 
8.750 
5,600 
4.050 
2.800 
0.000 
66.400 
9''C 
stage 0.5 - 13.5 days 
O.llO 
0.103 
0.098 
0.089 
0.081 
0.074 
0.064 
0,057 
0.051 
0.046 
0.046 
0.039 
0.034 
0.026 
0.023 
0.023 
0.018 
0.014 
0.005 
Total = 
0.000 
0.420 
1.560 
6.180 
12.960 
16.800 
12.600 
7.700 
7.840 
6.480 
6.500 
5.500 
4.560 
3.380 
2.520 
1.800 
0.960 
0.000 
0.000 
97.760 
!2°C 
stage 0.5-12.5 days 
0.116 
0.112 
0.105 
0.000 
0.920 
2.920 
Reproductive 
rate 
(Ix-nix) 
0.000 
0.019 
0.083 
0.217 
0.775 
1.346 
1.658 
0.613 
0.342 
0.199 
0.115 
0.000 
5.364 
0.000 
0.043 
0.153 
0.550 
1.050 
1.243 
0.806 
0.439 
0.400 
0.298 
0.299 
0.215 
0.155 
0.088 
0.058 
0.041 
0.017 
0.000 
0.000 
5.855 
0.000 
0.103 
0.307 
l,m,.x 
0.000 
0.251 
1.198 
3.356 
12.791 
23.562 
30.664 
11.944 
7.003 
4.268 
2.583 
0.000 
97.618 
0.000 
0.671 
2.523 
9.625 
19.421 
24.242 
16.531 
9.436 
8.996 
7.005 
7.326 
5.470 
4.108 
2.417 
1.653 
1.221 
0.528 
0.000 
0.000 
121.173 
0.000 
1.494 
4.752 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
Nymphal 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
0.100 
0.097 
0.092 
0.083 
0.071 
0.060 
0.050 
0.035 
0.031 
0.025 
0.022 
Total = 
8.640 
15.280 
20.300 
25.260 
14.000 
12.400 
12.240 
12.400 
8.800 
6.240 
2.340 
141.740 
15T 
stage 0.5-9.5 days 
0.123 
0.122 
0.119 
0.112 
0.108 
0.100 
0.086 
0.076 
0.067 
0.052 
0.036 
Total = 
0.000 
1.860 
4.200 
11.760 
16.600 
31.500 
26.160 
19.040 
11.040 
5.580 
2.600 
130.340 
20T 
Nymphal Stage 0.5-5.5 days 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
0.220 
0.175 
0.155 
0.141 
0.118 
0.112 
0.078 
Total = 
Stage 0.5-8.5 
0.160 
0.160 
0.141 
0.122 
0.107 
0.096 
0.086 
0.073 
0.057 
Total = 
0.000 
6.520 
15.960 
24.540 
37.520 
43.200 
20.700 
148.440 
25T 
days 
0.000 
6.920 
15.120 
24.450 
37.680 
42.100 
40.320 
29.050 
9.760 
205.400 
0.864 
1.482 
1.868 
2.097 
0.994 
0.744 
0.612 
0.434 
0.273 
0.156 
0.052 
9.984 
0.000 
0.227 
0.500 
1.317 
1.793 
3.150 
2.250 
1.447 
0.740 
0.290 
0.094 
11.807 
0.000 
1.141 
2.474 
3.460 
4.427 
4.838 
1.615 
17.955 
0.000 
1.107 
2.132 
2.983 
4.032 
4.042 
3.468 
2.121 
0.556 
20.440 
14.256 
25.939 
34.551 
40.884 
20.377 
15.996 
13.770 
10.199 
6.684 
3.978 
1.365 
194.243 
0.000 
2.609 
6.248 
17.781 
25.996 
48.825 
37.122 
25.323 
13.684 
5.659 
1.919 
185.165 
0.000 
8.558 
21.027 
32.871 
46.488 
55.642 
20.183 
184.768 
0.000 
11.626 
24.517 
37.286 
54.429 
58.603 
53.746 
34.992 
9.735 
284.934 
Nymphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
Nymphal 
5.5 
6.5 
7.5 
8.5 
9.5 
stage 0.5-5.5 
0.239 
0.211 
0.175 
0.144 
0.125 
0.106 
Total = 
day; 
stage 0.5-4.5 day; 
0.337 
0.230 
0.204 
0.14! 
0.088 
Total = 
27T 
0.000 
7.050 
16.240 
28.260 
23.920 
16.000 
91.470 
30°C 
0.000 
9.080 
26.500 
15.780 
13.680 
65.040 
33''C 
Nymphal stage 0.5-3.5 days 
4.5 
5.5 
6.5 
7.5 
0.414 
0.307 
0.188 
0.090 
Total = 
0.000 
3.320 
2.300 
1.380 
7.000 
0.000 
1.488 
2.842 
4.069 
2.990 
1.696 
13.085 
0.000 
2.088 
5.406 
2.225 
1.204 
10.923 
0.000 
1.019 
0.432 
0.124 
1.576 
0.000 
11.157 
24.157 
38.659 
31.395 
19.504 
124.872 
0.000 
13.575 
40.545 
18.913 
11.436 
84.468 
0.000 
5.606 
2.811 
0.932 
9.348 
Tabie-5.1: Age specific life table of I. erysimi on B.juncea var. Pusa Jaikisan at constant 
temperatures 
X 
0 
1 
2 
o 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Ix 
100.00 
100.00 
100.00 
97.14 
95.21 
92.35 
92.35 
90.49 
88.62 
85.22 
83.36 
81.48 
80.60 
79.72 
75.84 
71.00 
69.12 
65.26 
52.39 
49.52 
43.70 
100.00 
100.00 
98.56 
97.88 
95.92 
93.34 
92.82 
92.82 
90.12 
88.40 
87.52 
85.74 
82.80 
80.46 
80.46 
76.78 
75.15 
73.26 
71.32 
dx 
0.00 
0.00 
2.86 
1.93 
2.86 
0.00 
1.86 
1.87 
3.40 
1.86 
1.88 
0.88 
0.88 
3.88 
4.84 
1.88 
3.86 
12.87 
2.87 
5.82 
43.70 
0.00 
1.44 
0.68 
1.96 
2.58 
0.52 
0.00 
2.70 
1.72 
0.88 
1.78 
2.94 
2.34 
0.00 
3.68 
1.63 
1.89 
1.94 
2.94 
lOOq^ 
0.00 
0.00 
2.86 
1.99 
3.00 
0.00 
2.01 
2.07 
3.84 
2.18 
2.26 
1.08 
1.09 
4.87 
6.38 
2.65 
5.58 
19.72 
5.48 
11.75 
100.00 
0.00 
1.44 
0.69 
2.00 
2.69 
0.56 
0.00 
2.91 
1.91 
1.00 
2.03 
3.43 
2.83 
0.00 
4.57 
2.12 
2.51 
2.65 
4.12 
Lx 
100.00 
100.00 
100.00 
98.57 
96.18 
93.78 
92.35 
91.42 
89,56 
86.92 
84.29 
82.42 
81.04 
80.16 
77.78 
73.42 
70.06 
67.19 
58.83 
50.96 
46.61 
100.00 
100.00 
99.28 
98.22 
96.90 
94.63 
93.08 
92.82 
91.47 
89.26 
87.96 
86.63 
84.27 
81.63 
80.46 
78.62 
75.97 
74.21 
72.29 
7T 
T 
^x 
1671.52 
1621.52 
1521.52 
1421.52 
1322.95 
1226.78 
1133.00 
1040.65 
949.23 
859.67 
772.75 
688.46 
606.04 
525.00 
444.84 
367.06 
293.64 
223.58 
156.39 
97.57 
46.61 
9T 
1764.84 
1714.84 
2069.51 
1970.23 
1872.01 
1775.11 
1680.48 
1587.40 
1494.58 
1403.11 
1313.85 
1225.89 
1139.26 
1054.99 
973.36 
892.90 
814.28 
738.32 
664.11 
ex 
16.72 
16.22 
15.22 
14.63 
13.90 
13.28 
12.27 
11.50 
10.71 
10.09 
9.27 
8.45 
7.52 
6.59 
5.87 
5.17 
4.25 
3.43 
2.99 
1.97 
1.07 
17.65 
17.15 
21.00 
20.13 
19.52 
19.02 
18.10 
17.10 
16.58 
15.87 
15.01 
14.30 
13.76 
13.11 
12.10 
11.63 
10.84 
10,08 
9.31 
Total 
offspring 
-
-
-
-
-
-
-
-
38.99 
74.99 
120.04 
208.59 
278.88 
325.26 
109.97 
78.10 
62.21 
52.21 
25.67 
16.34 
6.99 
-
-
-
-
-
-
-
-
-
-
-
-
-
33.79 
60.35 
75.24 
161.57 
339.93 
390.83 
Offspring/? 
-
-
-
-
-
-
-
-
0.44 
0.88 
1.44 
2.56 
3.46 
4.08 
1.45 
1.10 
0.90 
0.80 
0.49 
0.33 
0.16 
18.09 
-
-
-
-
-
-
-
-
-
-
-
-
-
0.42 
0.75 
0.98 
2.15 
4.64 
5.48 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
0 
1 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
68,38 
66,21 
63,00 
60,14 
60.14 
60.14 
54.33 
50.40 
49.27 
48.30 
100.00 
99.25 
98.16 
96.44 
93.38 
93.10 
92.48 
91.50 
91.00 
90.00 
90.00 
89.62 
86.75 
86.20 
84.00 
83.24 
80.15 
79.00 
70.66 
62.62 
44.75 
31.90 
100.00 
100.00 
98.78 
96.56 
95.95 
93.15 
93.15 
90.24 
89.38 
88.46 
86.10 
83.72 
2,17 
3,21 
2,86 
0,00 
0.00 
5.81 
3.93 
1.13 
0.97 
48.30 
0.75 
1.09 
1.72 
3.06 
0.28 
0.62 
0.98 
0.50 
1.00 
0.00 
0.38 
2.87 
0.55 
2.20 
0.76 
3.09 
1.15 
8,34 
8.04 
17.87 
12.85 
31.90 
0.00 
1.22 
2.22 
0.61 
2.80 
0.00 
2.91 
0.86 
0.92 
2.36 
2.38 
1.84 
3.17 
4.85 
4.54 
0.00 
0.00 
9.66 
7.23 
2.24 
1.97 
100.00 
0.75 
1.10 
1.75 
3.17 
0.30 
0.67 
1.06 
0.55 
1.10 
0.00 
0.42 
3.20 
0.63 
2.55 
0.90 
3.71 
1.43 
10.56 
11.38 
28.54 
28.72 
100.00 
0.00 
1.22 
2.25 
0.63 
2.92 
0.00 
3.12 
0.95 
1.03 
2.67 
2.76 
2.20 
69.85 
67.30 
64.61 
61.57 
60.14 
60.14 
57.24 
52.37 
49.84 
48.79 
100.00 
99.63 
98.71 
97.30 
94.91 
93.24 
92.79 
91.99 
91.25 
90.50 
90.00 
89.81 
88.19 
86.48 
85.10 
83.62 
81.70 
79.58 
74.83 
66.64 
53.69 
38.33 
100.00 
100.00 
99.39 
97.67 
96.26 
94.55 
93.15 
91.70 
89.81 
88.92 
87.28 
84.91 
591.82 
521.97 
454.68 
390.07 
328.50 
268.36 
208.22 
150.99 
98.62 
48.79 
12°C 
2261.57 
2306.12 
2299.65 
2292.64 
2285.15 
2279.16 
2273.20 
2265.32 
2173.33 
2082.08 
2074.38 
2063.87 
2050.21 
2035.71 
2012.94 
1977.21 
1934.08 
1852.39 
1772.81 
1747.98 
1781.34 
1827.66 
15T 
1539.30 
1489.30 
1389.30 
1289.91 
1192.24 
1095.99 
1001.44 
908.29 
816,59 
726,78 
637.86 
550.58 
8.65 
7.88 
7.22 
6.49 
5.46 
4.46 
3.83 
3.00 
2.00 
1.01 
22.62 
23.24 
23.43 
23.77 
24.47 
24.48 
24.58 
24.76 
23.88 
23.13 
23.05 
23.03 
23.63 
23.62 
23.96 
23.75 
24,13 
23.45 
25,09 
27,91 
39.81 
57.29 
15.39 
14.89 
14.06 
13.36 
12.43 
11.77 
10.75 
10.07 
9,14 
8.22 
7,41 
6,58 
243.43 
180.09 
119.70 
103.44 
82.99 
72.17 
49.98 
46.37 
31.04 
17.39 
-
-
-
-
-
-
-
-
-
-
-
51.98 
143.14 
169.89 
243.60 
345.45 
348.65 
178.54 
121.54 
80.15 
49.23 
23.93 
-
-
-
-
-
-
-
-
-
92.88 
198.03 
224,37 
3.56 
2.72 
1.90 
1.72 
1.38 
1.20 
0.92 
0.92 
0.63 
0.36 
29.73 
-
-
-
-
-
-
-
-
-
-
-
0.58 
1.65 
1.96 
2.90 
4.15 
4.35 
2,26 
1,72 
1,28 
1.10 
0.75 
22.70 
-
-
-
-
-
-
-
-
-
1.05 
2.30 
2.68 
12 
13 
14 
15 
16 
17 
18 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
o 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
^ J 
4 
5 
6 
7 
81.88 
77.09 
75.20 
72.16 
55.25 
43.48 
37.50 
100.00 
100.00 
100.00 
97.42 
95.50 
94.65 
92.14 
90.50 
86.72 
81.94 
75.86 
39.75 
100.00 
98.35 
96.40 
95.78 
91.50 
90.00 
87.06 
86.75 
81.46 
77.15 
75.18 
70.20 
64.18 
42.92 
28.00 
100.00 
92.16 
90.00 
86.06 
85.28 
80.34 
73.39 
70.00 
4.79 
1.89 
3.04 
16.91 
11.77 
5.98 
37.50 
0.00 
0.00 
2.58 
1.92 
0.85 
2.51 
1.64 
3.78 
4.78 
6.08 
36.11 
39.75 
1.65 
1.95 
0.62 
4.28 
1.50 
2.94 
0.31 
5.29 
4.31 
1.97 
4.98 
6.02 
21.26 
14.92 
28.00 
7.84 
2.16 
3.94 
0.78 
4.94 
6.95 
3.39 
4.42 
5.85 
2.45 
4.04 
23.43 
21.30 
13.75 
100.00 
0.00 
0.00 
2.58 
1.97 
0.89 
2.65 
1.78 
4.18 
5.51 
7.42 
47.60 
100.00 
1.65 
1.98 
0.64 
4.47 
1.64 
3.27 
0.36 
6.10 
5.29 
2.55 
6.62 
8.58 
33.13 
34.76 
100.00 
7.84 
2.34 
4.38 
0.91 
5.79 
8.65 
4.62 
6.31 
82.80 
79.49 
76.15 
73.68 
63.71 
49.37 
40.49 
100.00 
100.00 
100.00 
98.71 
96.46 
95.08 
93.40 
91.32 
88.61 
84.33 
78.90 
57.81 
100.00 
99.18 
97.38 
96.09 
93.64 
90.75 
88.53 
86.91 
84.11 
79.31 
76.17 
72.69 
67.19 
53.55 
35.46 
100.00 
96.08 
91.08 
88.03 
85.67 
82.81 
76.87 
71.70 
465.67 
382.87 
303.39 
227.24 
153.56 
89.86 
40.49 
2 0 ^ 
1034.61 
984.61 
884.61 
784.61 
685.90 
589.44 
494.36 
400.97 
309.65 
221.04 
136.71 
57.81 
25°C 
1170.93 
1120.93 
1021.76 
924.38 
828.29 
734.65 
643.90 
555.37 
468.47 
384.36 
305.06 
228.89 
156.20 
89.01 
35.46 
27T 
909.38 
859.38 
763.30 
672.22 
584.19 
498.52 
415.71 
338.85 
5.69 
4.97 
4.03 
3.15 
2.78 
2.07 
1.08 
10.35 
9.85 
8.85 
8.05 
7.18 
6.23 
5.37 
4.43 
3.57 
2.70 
1.80 
1.45 
11.71 
11.40 
10.60 
9.65 
9.05 
8.16 
7.40 
6.40 
5.75 
4.98 
4.06 
3.26 
2.43 
2.07 
1.27 
9.09 
9.32 
8.48 
7.81 
6.85 
6.21 
5.66 
4.84 
343.90 
358.47 
520.38 
262.66 
119.34 
66.96 
16.50 
-
-
-
-
-
-
328.02 
710.43 
941.78 
1048.83 
638.74 
173.31 
-
-
-
-
-
-
-
334.86 
685.89 
691.26 
738.27 
572.13 
401.13 
137.77 
44.24 
-
-
-
-
-
-
155.59 
497.00 
4.20 
4.65 
6.92 
3.64 
2.16 
1.54 
0.44 
29.58 
-
-
-
-
-
-
3.56 
7.85 
10.86 
12.80 
8.42 
4.36 
47.85 
-
-
-
-
-
-
-
3.86 
8.42 
8.96 
9.82 
8.15 
6.25 
3.21 
1.58 
50.25 
-
-
-
-
-
-
2.12 
7.10 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 
65.58 
62.98 
53.15 
40.00 
20.88 
100.00 
86.39 
70.22 
64.35 
50.48 
42.51 
32.62 
27.40 
100.00 
71.18 
63.92 
55.34 
50.09 
42.22 
38.46 
21.75 
2.60 
9.83 
13.15 
19.12 
20.88 
13.61 
16.17 
5.87 
13.87 
7.97 
9.89 
5.22 
27.40 
28.82 
7.26 
8.58 
5.25 
7.87 
3.76 
16.71 
21.75 
3.96 
15.61 
24.74 
47.80 
100.00 
13.61 
18.72 
8.36 
21.55 
15.79 
23.27 
16.00 
100.00 
28.82 
10.20 
13.42 
9.49 
15.71 
8.91 
43.45 
100.00 
67.79 
64.28 
58.07 
46.58 
30.44 
100.00 
93.20 
78.31 
67.29 
57.42 
46.50 
37.57 
30,01 
100.00 
85.59 
67.55 
59.63 
52.72 
46.16 
40.34 
30.il 
267.15 
199.36 
135.08 
77.02 
30.44 
SOT 
460.27 
410.27 
317.08 
238.77 
171.49 
114.07 
67.58 
30.01 
33T 
432.09 
382.09 
296.50 
228.95 
169.32 
116.60 
70.45 
30.11 
4.07 
3.17 
2.54 
1.93 
1.46 
4.60 
4.75 
4.52 
3.71 
3.40 
2.68 
2.07 
1.10 
4.32 
5.37 
4.64 
4.14 
3.38 
2.76 
1.83 
1.38 
575.79 
663.81 
335.91 
85.60 
41.34 
-
-
-
-
106.01 
446.36 
519.31 
179.74 
-
-
-
-
124.22 
180.70 
132.69 
45.24 
8.78 
10.54 
6.32 
2.14 
1.98 
38.98 
-
-
-
-
2.10 
10.50 
15.92 
6.56 
35.08 
-
-
-
-
2.48 
4.28 
3.45 
2.08 
12.29 
Tabie-5.2 : Fecundity and reproduction rate of L erysimi on B. 
jimcea var.Pusa Jaikisan at constant temperatures 
Pivotal 
age 
(X) 
Nympiial 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
9^ 
survivorship 
(ix) 
7''C 
nix 
stage 0.5 - 7.5 days 
0.096 
0.092 
0.090 
0.088 
0.087 
0.086 
0.082 
0.077 
0.075 
0.070 
0.057 
0.053 
0.047 
Total = 
Nymphal stage 0.5 - 12.5 da 
13.5 
14,5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 
27.5 
28.5 
0.078 
0.078 
0.074 
0.072 
0.071 
0.069 
0.066 
0.064 
0.061 
0.058 
0.058 
0.058 
0.052 
0.049 
0.047 
0.047 
Total = 
Nymphal stage 0.5-10.5 day 
11.5 
12.5 
13.5 
0.112 
0.109 
0.108 
0.000 
0.880 
2.880 
7.680 
13.840 
20.400 
8.700 
7.700 
7.200 
7.200 
4.900 
3.630 
1.920 
86.930 
9T 
ys 
0.000 
0.750 
1.960 
6.450 
18.560 
27.400 
21.360 
19.040 
15.200 
15.480 
13.800 
13.200 
11.040 
11.960 
8.820 
5.400 
190.42 
12T 
s 
0.000 
1,650 
3.920 
Reproductive 
rate 
(Ix-mx) 
0.000 
0,081 
0.259 
0.676 
1.204 
1.754 
0.713 
0.593 
0.540 
0.504 
0.279 
0.192 
0.090 
6.887 
0.000 
0.059 
0.145 
0.464 
1.318 
1.891 
1.410 
1.219 
0.927 
0.898 
0.800 
0.766 
0.574 
0.586 
0.415 
0.254 
11.724 
0.000 
0.180 
0.423 
l^ m .^x 
0.000 
0.770 
2.722 
7.772 
15.051 
23.684 
10.344 
9.190 
8.910 
8.820 
5.167 
3.752 
1.849 
98.031 
0.000 
0.848 
2,248 
7.663 
23.062 
34.976 
27.491 
24.981 
19.935 
20.201 
18.809 
18.757 
14.640 
15,529 
11.399 
7.233 
247.771 
0.000 
2.249 
5.716 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
0.105 
0.104 
0.100 
0.099 
0.088 
0.078 
0.056 
0.040 
Total = 
Nymphal stage 0.5-8.5 days 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
Nymphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal 
6.5 
7.5 
8.5 
9.5 
0.126 
0.123 
0.119 
0.117 
0.110 
0.107 
0.103 
0.079 
0.062 
0.054 
Total = 
stage 0.5-5.5 days 
0.197 
0.194 
0.186 
0.175 
0.162 
0.085 
Total = 
stage 0.5-6.5 days 
0.165 
0.155 
0.147 
0.143 
0.134 
0.122 
0.082 
0.053 
Total = 
stage 0.5-5.5 days 
0.190 
0.181 
0.170 
0.163 
8.700 
16.600 
21.750 
13.560 
12.040 
10.240 
9.900 
7.500 
105.860 
15T 
0.000 
2.300 
5.360 
12.600 
18.600 
34.600 
21.840 
15.120 
12.320 
3.960 
126.700 
20T 
0.000 
7.850 
21.720 
38.400 
33.680 
21.800 
123.450 
25T 
0.000 
8.420 
17.920 
29.460 
32.600 
31.250 
19.260 
11.060 
149.970 
2 7 ^ 
0.000 
7.100 
17.560 
31.620 
0.914 
1.726 
2.175 
1.342 
1.060 
0.799 
0.554 
0.300 
9.473 
0.000 
0.283 
0.638 
1.474 
2.046 
3.702 
2.250 
1.195 
0.764 
0.214 
12.565 
0.000 
1,523 
4.040 
6.720 
5.456 
1.853 
19.592 
0.000 
1.305 
2.634 
4.213 
4.368 
3.813 
1.579 
0.586 
18.499 
0.000 
1.285 
2.985 
5.154 
13.246 
26.759 
35.888 
23.492 
19.601 
15.575 
11.365 
6.450 
160.340 
0.000 
2.970 
7.335 
18.428 
27.621 
53.682 
34.867 
19.709 
13.367 
3.955 
181.934 
0.000 
11.422 
34.339 
63.840 
57.290 
21.310 
188.201 
0.000 
11.093 
25.025 
44.234 
50.237 
47.656 
21.321 
8.500 
208.066 
0.000 
9.638 
25.374 
48.964 
10.5 
11.5 
12.5 
Nymphal stags 
4.5 
5.5 
6.5 
7.5 
Nymphal stage 
4.5 
5.5 
6.5 
7.5 
0.138 
0.104 
0.054 
Total = 
J 0.5-3.5 days 
0.330 
0.278 
0.213 
0.179 
Total = 
; 0.5-3.5 days 
0.328 
0.277 
0.252 
0.143 
Total = 
25.280 
10.700 
11.880 
104.140 
30T 
0.000 
10.500 
31.840 
19.680 
62.020 
33T 
0.000 
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11.302 
6.692 
24.515 
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Fig. 1 - Effect of temperature on offspring/$ and intrinsic rate of increase (r^) 
of L erysimi on B. juncea 
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Experiment No. 1. (B) - Effect of temperature on development of mustard 
aphid, L. erysimi on Indian mustard, B.juncea: 
Constant temperatures and B.juncea host plants significantly (/'<0.05) affected 
the development ofZ. erysmi. 35°C is fatal for Z. erysimi and development was not 
completed therefore, it is omitted from the calculation. Development of L. erysimi 
from birth to adult is prolonged to 35 days at 9°C on Pusa Bold and 27 days on Pusa 
Jaikisan when L. erysimi reared at 7°C. The development was completed in 25 days on 
Pusa Bold at 7°C as compared to 21 days on Pusa Jaikisan. Development period 
decreases from 9° to 20°C then increases substantially on all B. juncea varieties at 
25°C and shortest development period (8 days on Pusa Bold, RH-30, Chapka-111, 
Pusa Jaikisan and 7 days on Varuna) occurred at 33°C. Rate of development / day of 
L. erysimi from birth to adult are fast at 7°C on Pusa Jaikisan (0.48) as compared to 
9°C and reached to a maximum at 33°C on B. Juncea. A mild peak is also formed 
when L. erysimi reared at 20°C but rate of development is greater on Chapka-ll 1 and 
Pusa Jaikisan than on Varuna, RH-30 and Pusa Bold. 
Temperature and host plants significantly affected the development of L. 
erysimi. Liu and Yue (2001) reported that nymphs of I. erysimi develop significantly 
fast at higher temperature than at lower and developmental duration was shortest at 
30°C and longest at 15°C. Liu and Meng (2000) observed that L. erysimi developed to 
adult between 8.3°C and 35. TC but failed to achieve any adult emergence at 6.7°C. 
Mean development time decreased as temperature increased but increased as 
temperature went above 30°C. They also reported that L. erysimi could not develop to 
adulthood outside the temperature range of 8°-35°C. Zamani el al. (2006) found that 
A. gossypii developed successfully to adulthood from 10° to 30°C and stated that 
development times differed significantly in relation to temperature and development 
time is inversely related to temperature. Development from birth to adult stage 
required 20.70 days at 10°C but 3.81 days at 30°C. Xia et al. (1999) estimated that 
development of A. gossypii was fastest at 30°C. Satar and Yokomi (2002) worked on 
the preference of host plants by B. schwartzi that mayfire and peach were the 
preferred hosts with shortest development time (6.9 days) with highest number of 
offspring (27.3 and 21.0, respectively). Development time from l" instar to adulthood 
decreased from 19.9 days at 15°C to 6.9 days at 25°C and then began to increase from 
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27.5"'C. Development of R. pacli was faster with increased temperature but they did 
not complete the last nymphal instar at 32°C (Auad et al, 2009). It was evident that 
temperatures above 25/30°C prolonged the development of B. brassicae, increased the 
mortality of immature, shortened adult longevity and reduced fecundity (Satar et al, 
2005). 
The development at constant temperatures for entire life was calculated by 
development days"' to obtain daily development rate of L erysimi (Table-7.1) and 
their expected estimates are also presented in Table-7.2. The development data was 
regressed by linear equation (D=a+bT) in relation to temperature (Fig.-2). The 
regression data differed significantly at different probability levels (Table-7.3). 
Highest value of R was calculated for RH-30 which is close to fitness of regression 
line followed by Pusa Bold and Chapka-111 and value of R was lowest on Varuna. By 
linear regression equation, lower thermal threshold {lm\n) was determined for L. 
erysimi (Tabie-7.3). It was found that T^ jn is affected by host plants and L. erysimi 
could able to survive below freezing temperature. T„ijn was -3.83°C on Pusa Jaikisan 
while -0.38°C for Varuna. 
Thermal constant (K), often called degree day (°C-day) is calculated by method 
of Campbell et al. (1974) and differed significantly (P<0.05) with host plants (Table-
7.4). L. erysimi accumulated highest amount of thermal units i.e. 322.58 °C-day to 
complete the development on Pusa Jaikisan and least i.e. 294.1 l°C-day on Varuna. 
Degree day {DD) requirement was also estimated by the method of Arnold 
(1959, 1960) where greater mean degree days were required when L. erysimi reared at 
25°C on Pusa Bold as compared to 243.50 degree days on Pusa Jaikisan. Whereas, 
maximum (423.00 DD) degree days were required to complete one generation at 25°C 
on Pusa Bold and minimum on Pusa Jaikisan at 1°C. Degree day requirement 
increases with increase of rearing temperature from 7° to 25°C and then decreases up 
to 33°C. All individuals of aphid died at 35°C; therefore, no degree day was 
accumulated at 35°C. 
Then another model i.e. cubic polynomial model was applied to determine the 
minimum, maximum and optimum threshold temperatures. Estimates of development 
rate at constant temperature by cubic polynomial curve fitting are presented (Table-
8.1, Fig.-3) and the constants of equations are obtained with their respective 
coefficients, standard errors, t-values along with their probability levels (Table-8.2) 
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and finally calculated the threshold temperatures (Table-8.3). Highest R (0.7023) was 
calculated on RH-30 and least (0.6269) on Varuna while, R" (0.4932) was highest on 
RH-30 and least (0.3930) on varuna. Maximum threshold temperature iT„ax) was 
determined as 38.70°C on Varuna and fractional difference was found for T^ ax on RH-
30. Result showed that L. erysimi could be able to survive up to 38°C on Varuna and 
RH-30. The ambient temperature or Top of Z. erysimi is in a range of 16.42° to 
17.29°C (Table-8.3). Therefore, it can be predicted that when the temperature is 
fluctuating between abovementioned ranges, then L. erysimi reproduces fast and peak 
may be obtained. T i^n also estimated by cubic polynomial equation which showed that 
fractional difference was obtained when L. erysimi reared on Pusa Bold, RH-30, 
Chapka-111 and Pusa Jaikisan while 3.840°C was calculated on Varuna. Tmin was 
below 0°C when calculated by regression equation as compared to polynomial 
equation (non-linear) that ranged from 4.78° to 3.84°C. Such difference was estimated 
by Diaz et al. (2007) in Nasonovia ribisnigri that Tmin estimated by Campbell model 
was 3.6°C for apterous, 4 . rC for alates and 3.1°C for both aphid adult morphs 
together whereas fractional difference was obtained by application of Muniz and Gil 
model but application of Lactin model showed that T i^n was 5.3°C for alates, 2.3°C 
for apterous and 1.9°C for both adult morphs together. The optimal and Tmax were 
25.2° and 33.6°C, respectively for alate morphs, 27° and 35.9°C, respectively for 
apterous morph, and 26.1° and 35.3°C, respectively for two adult morphs together. 
Ahmad (2008) also found difference in regression model and cubic polynomial model 
when T,nin is determined for P. xylostella. T,njn for egg, larva and adult is in range of 
2.17 to 8.74°C by regression model, whereas 7.56° to 9.36°C by cubic polynomial 
model and 7.84° to 10.8°C by quadratic equation. Xia et al. (1999) obtained Tmin for 
development from T' to 4'^  instars and adult oiA. gossypii were 8.2, 8.0, 7.2, 6.2 and 
7.9°C, respectively. Lower thermal threshold estimated to be 10.04°C in B. schwartzi 
(Satar and Yokomi, 2002) and reached a peak at 25°C. Upper development threshold 
for A. spiraecola was 32°-35°C (Wang and Tsai, 2000) and for A. gossypii on cotton 
was 32°-35°C (Kersting et al, 1999). However, thermal threshold for B. rumexicolens 
was calculated to be 6.5°C (Scott and Yeoh, 1999). A. spiraecola have a lower thermal 
threshold of 2.3°C (Wang and Tsai, 2000) and 6.2°C for A. gossypii (Kersting et al, 
1999). Hazell et al. (2010) obtained lower lethal temperatures (LLT50) in a range of-
12.7 to -13.9°C for M persicae and M. polaris but significantly higher (-6.6°C) M 
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ornatus. Lamb (1992) worked on estimation of lower thermal threshold o{ A. pisum 
and red turnip beetle and suggested that threshold temperature varied among the two 
clones of A. pisum that ranged between 3.4° to S.TC and from egg to larva of red 
turnip beetle ranged between 6.7° to 10. TC. Liu and Meng (2000) studied extensively 
on L. erysimi at constant and variable temperatures and reported that T^m for alatae 
and apterae of Z. erysimi were 3.5°C and Toptwas 20.04° and 19.60°C and T^axWas 
32.75° and 38.85°C, respectively. Green peach aphid is reported to have lower and 
upper development threshold of 4.0° and 30.0°C, respectively with optimum survival 
at 20°C (Whalon and Smilowitz, 1979, Liu and Meng, 1999) and did not reproduce 
above 30°C and to have thermal death point of 38.5°C (Broadbent and Rollings, 
1951). Upper developmental threshold of 33°C was estimated in Therioaphis 
maculate (Messenger, 1964). Davis et al. (2006) estimated that optimum temperature 
for M. persicae population growth was fastest at fluctuating 26.7°C and constant 
temperature of 23.2°C. The lower and upper developmental thresholds were 6.5° and 
37.3°C, respectively. They also reported that M. persicae was able to survive 1 hr each 
day above its calculated lethal death point of 38.5°C. Berberet et al. (2009) found 
development for A. craccivora was l.\°C and the constant development from the 1^ ' 
instar reproducing adult was 100 DD (°C) Top, for ranged 18°-24°C with a mean of 82 
nymphs/female. However, Merrill et al. (2009) found a lower development threshold 
was -0.69°C of Diuraphis noxia. While, upper temperature reproductive threshold 
was calculated as 36.9°C. 
The growth and development of insects are dependent on temperature. As the 
temperature decreases, their rates of development slow and if the temperature falls 
low enough, the development v/ill cease at their lower developmental temperature. As 
temperature increases, their rates of development increases up to a temperature 
optimum, above which they again decreases and eventually cease at their temperature 
maximum that limits by inactivity and destruction of some enzymes (Howe, 1967). 
Accumulation of denatured protein triggers production of heat shock protein, which 
assists in protein folding (Gullan and Cranston, 2005). As heatshock proteins are 
produced, normal protein synthesis is inhibited (Korsloot et al, 2004) and rates of 
diffusion are reduced and the degree of denaturation of membrane lipids increased 
(Watt et al, 1983, Milanovic et al, 1989). Extreme high temperature is also fatal to 
aphids because they contain intracellular bacteria (endosymbionts) that convert sugars' 
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into key amino acids that aphids need for survival (Dadd, 1985). This association is 
obligate because neither aphids nor symbionts can survive without the other (Houk 
and Griffiths, 1980). Extreme high temperatures can eliminate aphid endosymbionts 
(aposymbiosis), impairing amino acid production (Ohtaka and Ishikawa, 1991). 
It is also well knov/n that relationship between temperature and development 
rate in insects is linear over most of the normal operating, middle range of the 
temperature, but become sigmoid over the whole temperature range that permits 
development (Andrewartha and Birch, 1954, Howe, 1967, Lactin et al., 1995, Liu et 
al, 1995). Several models have been used to determine the developmental rates that 
can be used to understand and to predict important events in insect life cycle 
(Shoemaker, 1988) or insect abundance for control strategies (Briere et al, 1996, 
1999). 
Thermal constant (°C-day) is calculated as the reciprocal of the slope (b) of the 
threshold regression equation (Asante et al., 1991). It is the amount of heat that each 
species requires to complete its life cycle or part of it, regardless of temperature to 
which it is expressed. It provides a valuable tool for insect pest control, in forecasting 
infestation, monitoring and timing of insecticide application (Zalom et al, 1983). 
Degree days differ between species with similar slope and it is due to innate 
differences in rates of differentiation and development (Trudgill et al, 2005) as well 
as quality and availability of resources required for growth and the efficiency with 
which those resources are used for growth. The present study showed that thermal 
constant (°C day) significantly (f<0.05) varies in relation to host plants. L. erysimi 
required 322.58 °C-day to complete the development from birth to adult on Pusa Bold 
and Pusa Jaikisan followed by RH-30 and minimum i.e. 294.11 °C-day on Varuna 
variety. 106 degree days v/ere calculated by regression model for A. pisum (Lamb et 
al, 1987) and suggested that thermal requirements are significantly varied among the 
clones of above mentioned species as well as stages of aphids. Lamb (1992) also 
estimated DD requirements at various temperature ranges on A. pisum and compared 
to red turnip beetle using linear regression model. He obtained difference in DD 
requirement in the aphid clone L and clone P with a range of 94 to 109 DD. However, 
eggs of red turnip beetle required lesser DD (16-21) as compared to larvae that ranged 
(304-329 DD). However, Liu and Meng (2000) determined DD on L. erysimi alatae 
and apterous and reported that alatae accumulated more DD as compared to apterae. 
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Liu et al. (2002) obtained 268.20 °C-day for Plutella xylostella from egg to 
emergence of adult on cabbage. Thermal constant determined by Zamani et al. (2006) 
which showed that 97.08 DD required by A. gossypii to complete the development on 
greenhouse cucumber between 15° to 25°C that is nearly similar to 90.1 DD on 
cucumber reported by Kocourek et al. (1994) and different than 168.8 DD which is 
estimated by Xia et al. (1999) on cotton. While, Golizadeh et al. (2007) reported 
263.745 °C-day in P. xylostella on cauliflower and 261.585°C-day on cabbage since 
DD requirements for development to maturity ranged from <100°C-day in some 
species of aphids to >4000°C-day in Periplaneta fuliginosa (Honek, 1996). Honek 
(1996) further emphasized that DD requirement for insects to become adult were 
associated more with differences in larval requirement than those for eggs and pupae. 
It is due to insects that fly have higher metabolic rates and spend more energy than 
less active species, both when active and at rest (Reinhold, 1999). 
Degree days were also calculated by method of Arnold (1959, 1960) for L. 
erysimi at constant temperatures on B. juncea hosts. Degree days differed with host 
plants and temperature. 35°C were omitted because emergence and development was 
completely inhibited in present studies. Maximum and minimum 423.00 and 115.50 
degree days were required to complete the development of L. erysimi from birth to 
adult at 25°C and TC on Pusa Bold and Pusa Jaikisan, respectively. Mean DD 
(281.23) were required by L. erysimi to complete the development on Pusa Bold while 
243.50 mean DD on Pusa Jaikisan. Thermal requirements of TV. ribisnigri to complete 
development were 125 and 129 DD for apterous and 143 and 139 DD for adult 
morphs together (Diaz et al., 2007). Satar and Yokomi (2002) obtained 103.1 degree 
days on B. schwartzi fromT' instar to maturity. Butts and McEwen (1981) reported an 
average of 290 day degrees that were required to complete one generation of P. 
xylostella on Brussels sprout, while 283 day degrees reported by Harcourt (1954) on 
the cabbage. However, Ahmad (2008) found that degree day requirement varies in 
relation to temperature and host plants as well as between the season and year also. 
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Experiment No. 2 - Effect of temperature on the life table of mustard aphid, L. 
erysimi (Kalt.) on Indian mustard, B. juncea under 
greenhouse condition: 
Effect of temperature on life table of Z. erysimi on B. juncea was studied under 
greenhouse condition to understand the relative difference between laboratory data 
conducted at constant temperatures and the results obtained under greenhouse 
condition. Five varieties of Indian mustard, B. juncea were tested to determine the life 
table of L erysimi at 15±2° and 20±2°C. 
a. Survivorship and mortality of L erysimi : - Temperature has significantly 
(/'<0.05) influenced survival and mortality of Z. erysimi (Table-9.1 and 10.1). The 
development time from f instar to the formation of adult was reduced from 15±2° to 
20±2°C. Survivorship (1^ ) was 22, 21, 21, 20 and 18 days on Pusa Jaikisan, Pusa Bold, 
Chapka-111, Varuna and RH-30, respectively at 15±2°C and 17, 17, 15, 15 and 14 
days on Pusa Bold, RH-30, Varuna, Pusa Jaikisan and Chapka-111, respectively at 
20±2°C. Survivorship is significantly high in the beginning of the age and then 
decreased with advancing age as well as increase of temperature from 15±2°C to 
20±2°C. Mortality of i . erysimi was high in the beginning of age and then decreased 
down v*/ith age even they became adult. Mortality of I. erysimi was more at 15±2°C 
than to 20±2°C on Pusa Bold that caused higher mortality of nymphs and adults 
followed by Varuna as compared to other varieties of B. juncea. Expectancy was 
highest in the beginning of the age and then declined at the end of life. Expectancy of 
life of Z. erysimi is higher at 15±2°C than at 20±2°C. 
b. Fecundity and life indices of L. erysimi:- Temperature of greenhouse and host 
plants has significantly (i'<0.05) / non-significantly affected the production of 
offspring of L. eyrsimi. Adults of L erysimi start producing nymphs within 24 hr of 
emergence and as long as adult will survive. Daily fecundity rate (mx) depends 
significantly (P<0.05) on B. juncea varieties (Table-9.2 and 10.2, Fig.-4). mx is less in 
the beginning of age and increases gradually somewhere middle of age and then 
declines. Peak production of nymphs of Z,. erysimi occurred at 15.5 pivotal age on 
Pusa Jaikisan and 17.5 pivotal age on Pusa Bold at 15±2°C. 86.48 nymphs/female 
were bom when L. eiysimi reared on Pusa Jaikisan and 26.64 on Pusa Bold at 15±2°C. 
Whereas, peak production i.e. 42.30 nymphs/female occurred on pivotal age of 10.5 
on Pusa Jaikisan and 24.48 nymphs/female on pivotal age of 12.5 on Pusa Bold at 
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on Pusa Jaikisan and 24.48 nymphs/female on pivotal age of 12.5 on Pusa Bold at 
20±2°C. Highest number of offspring i.e. 70.28 nymphs/female were born on Pusa 
Jaikisan at 20±2°C and the lowest i.e. 41.00 at 20±2°C on Pusa Bold. Pusa Bold, RH-
30 and Varuna are not significantly different in the production of nymphs while, Pusa 
Jaikisan and Chapka-111 are significantly differed on both temperatures of 
greenhouse. Production of offspring/female is substantially enhanced by host plants. 
Potential fecundity (Pf) is significantly (P<0.05) differed on host plants and 
non-significantly (positive) correlated with host plants. Highest potential fecundity 
was obtained i.e. 561.94 and 264.92 nymphs/female/generation on Pusa Jaikisan at 
15±2° and 20±2°C, respectively and lowest on RH-30 and Varuna i.e. 113.27 and 
121.80 nymphs/female/generation, respectively followed by Chapka-I i 1, Varuna and 
Pusa Bold at 15±2°C (Table-11 and Fig.-4). Net reproductive rate (RQ) is significantly 
{P<0.05) differed on Pusa Jaikisan and Chapka-111 and not significantly differed on 
Pusa Bold, RH-30 and Varuna under greenhouse condition. Ro was highest i.e. 37.564 
and 25.700 nymphs/female/generation on Pusa Jaikisan at I5±2° and 20±2°C, 
respectively and lowest occurred on Pusa Bold on both conditions. RQ has a positive 
(non-significant) correlation with host plants of B.juncea showing that it enhanced the 
production of offspring. Intrinsic rate of increase (rm) is not-significantly differed at 
15±2°C but significantly (P<0.05) differed at 20±2°C on B.juncea host plants. Daily 
progeny production was highest i.e. 0.1648 and 0.2164 nymphs/female/day on Pusa 
Jaikisan and lowest i.e. 0.1139 and 0.1467 on Pusa Bold at 15±2° and 20±2°C, 
respectively. Finite rate of increase {1) is significantly {P<0.05) differed on Pusa 
Jaikisan at 15±2°C. However, X is not significantly different when L. erysimi reared 
on Pusa Bold, RH, Chapka-111 and Varuna at 15±2°C. X is significantly different on 
Pusa Jaikisan and Chapka-111 and not-significantly differed on Pusa Bold, RH-30, 
and Varuna at 20±2°C. Host plants caused a positive (non-significant) effect on finite 
rate of increase. Highest finite rate of increase i.e. 1.179 and 1.241 
nymphs/female/day occurred on Pusa Jaikisan and smallest i.e. 1.120 and 1.158 
nymphs/female/day on Pusa Bold at \S±T and 20±2°C, respectively. Tc is positively 
(significant) coirelated in relation to host plants. T^  is prolonged to 22.99 days and 
shortened to 12.54 days on Pusa Jaikisan and Pusa Bold, at 15±2° and 20±2°C, 
respectively and considerably shortened to 10.217 days on Pusa Jaikisan at 20±2''C. 
Corrected generation time (x) is significantly (/'<0.05) differed in relafion to host 
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plants in greenhouse conditions and negatively (non-significant) correlated with host 
plants. Corrected generation time is prolonged to 21.01 days on Pusa Bold and 
Chapka-lll at 15±2° and shortened to 15.84 days on Pusa Jaikisan at 15±2°. L. 
eiysimi completed one generation in 17.01 days on Pusa Bold and shortest i.e 14 days 
on Chapka-lll at 20±2°C. L. erysimi multiplies fast at 20±2°C as compared to 
15±2°C and the population will become double in 4.205 on Pusa Jaikisan at 15±2°C 
and 3.203 days on Pusa Jaikisan at 20±2°C. Doubling time (DT) is not significantly 
(/'<0.05) differed by host plants at 15±2°C while Pusa Bold and RH-30 are not 
significantly same but differed to Chapka-111, Varuna and Pusa Jaikisan at 20±2°C. 
DT is correlated (non-significant) negatively with host plants on both temperature 
conditions. 
Life table param.eters significantly differed at both temperatures of green house 
Liu and Meng (2000) opined that greenhouse condition is a typically natural and 
protected condition. A greater reproducfive potenfial was achieved in the greenhouse 
condition as compared to laboratory in the present studies. Nymphal period is 
prolonged at 15±2°C as compared to 20±2°C in present studies. It is confirmed that 
time required for nymphal development was prolonged at 15°C and shortest at 20°C 
(Dixon, 1987, Blackman, 1987, Elliott and Kieckhefer 1989, Van Steenis and El 
Khawass, 1995, Bueno and Foureaux, 1998) and shortest when L. erysimi reared at 
constant temperature of 15°C in the previous chapter. 
The total number of nymphs produced by a single female is significantly 
(P<0.05) differed on B. juncea and daily rate of nymph production also varied with 
age of I . erysimi. Highest number of offspring i.e. 86.48 nymphs/female at 15±2°C on 
Pusa Jaikisan and lowest i.e. 26.64 at 15±2°C on Pusa Bold and 70.28 nymphs 
produced on Pusa Jaikisan and 41.00 on Pusa Bold at 20±2°C. Number of nymphs 
born by a single aphid was smaller at 15° than to 20°C. Auad and Moraes (2003) 
reported that daily rate of nymph production varied with age of I. erysimi. 
Pf was significantly high (561.94 nymphs/female/generation) at 15±2°C on 
Pusa Jaikisan while 264.92 at 20±2°C on Pusa Jaikisan. However, Pf is significantly 
less when L. erysimi reared at 15° and 20°C on B. juncea. Reproductive rate, intrinsic 
rate of increase, mean generation time (Tc), corrected generafion time (T) and doubling 
time is significantly high when L. eiysimi reared in greenhouse conditions as 
compared at constant temperatures. 
Tablt'-9.1 : Age specific life table of L, erysimi on B. juncea at 15±2"C in greenhouse condition 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
0 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Ix 
100.00 
78.56 
75.78 
71.36 
70.00 
68.10 
68.10 
65.26 
64.44 
62.56 
61.92 
60.15 
59.34 
54.30 
52.48 
50.58 
43.18 
35.09 
27.14 
18.36 
9.45 
100.00 
83.56 
80.85 
77.72 
77.65 
73.54 
70.63 
68.72 
66.81 
65.09 
63.52 
61.40 
52.36 
47.54 
41.24 
34.18 
21.42 
13.60 
dx 
21.44 
2.78 
4.42 
1.36 
1.90 
0.00 
2.84 
0.82 
1.88 
0.64 
1.77 
0.81 
5.04 
1.82 
1.90 
7.40 
8.09 
7.95 
8.78 
8.91 
9.45 
16.44 
2.71 
3.13 
0.07 
4.11 
2.91 
1.91 
1.91 
1.72 
1.57 
2.12 
9.04 
4.82 
6.30 
7.06 
12.76 
7.82 
13.60 
lOOq, 
21.44 
3.54 
5.83 
1.91 
2.71 
0.00 
4,17 
1.26 
2.92 
1.02 
2.86 
1.35 
8.49 
3.35 
3.62 
14.63 
18.74 
22.66 
32.35 
48.53 
100.00 
16.44 
3,24 
3.87 
0.09 
5,29 
3,96 
2.70 
2.78 
2.57 
2,41 
3.34 
14.72 
9.21 
13.25 
17.12 
37.33 
36.51 
100.00 
Pusa Bold 
Lx 
100.00 
89.28 
77.17 
73.57 
70.68 
69.05 
68.10 
66.68 
64.85 
63.50 
62.24 
61.04 
59.75 
56.82 
53.39 
51.53 
46.88 
39.14 
31.12 
22.75 
13.91 
RH-
100.00 
91.78 
82.21 
79.29 
77.69 
75.60 
72.09 
69.68 
67.77 
65.95 
64.31 
62.46 
56.88 
49.95 
44.39 
37.71 
27.80 
17.51 
T 
' X 
1191.43 
1141.43 
1052.15 
974.98 
901.41 
830.73 
761.68 
693.58 
626.90 
562.05 
498.55 
436.31 
375.27 
315.53 
258.71 
205.32 
153.79 
106.91 
67.77 
36.66 
13.91 
30 
1093.03 
1043.03 
951.25 
869.05 
789.76 
712.08 
636.48 
564.40 
494.72 
426.96 
361.01 
296.70 
234.24 
177.36 
127.41 
83.02 
45.31 
17.51 
ex 
11.91 
14.53 
13.88 
13.66 
12.88 
12.20 
11.18 
10.63 
9.73 
8.98 
8.05 
7.25 
6.32 
5.81 
4.93 
4.06 
3.56 
3.05 
2.50 
2.00 
1.47 
10.93 
12.48 
11.77 
11.18 
10.17 
9.68 
9.01 
8.21 
7.40 
6.56 
5.68 
4.83 
4.47 
3.73 
3.09 
2.43 
2.12 
1.29 
Total 
offspring 
-
-
-
-
r-
-
-
-
-
-
-
-
43.91 
62.45 
95.51 
175.01 
205.11 
222.47 
104.76 
53.24 
15.31 
-
-
-
-
-
-
-
-
-
-
62.25 
125.87 
127.76 
221.54 
267.24 
291.21 
59.12 
14.14 
Offspring/? 
-
-
-
-
-
-
-
-
-
-
-
-
0.74 
1.15 
1.82 
3.46 
4.75 
6.34 
3.86 
2.90 
1.62 
26.64 
-
-
-
-
-
-
-
-
-
-
0.98 
2.05 
2.44 
4.66 
6.48 
8.52 
2.76 
1.04 
28.93 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
0 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
0 
1 
2 
3 
100.00 
95.00 
92.30 
91.52 
89.14 
87.62 
86.45 
84.14 
81.72 
80.46 
77.54 
74.28 
70.06 
65.44 
60.60 
53.52 
46.48 
38.66 
31.92 
21.10 
14.70 
100.00 
80.75 
78.40 
77.36 
73.72 
71.91 
70.55 
69.30 
69.00 
67.94 
67.94 
60.25 
60.15 
53.32 
48.45 
39.33 
30.60 
22.72 
15.84 
10.80 
100.00 
98.54 
93.22 
91.46 
5.00 
2.70 
0.78 
2.38 
1.52 
1.17 
2.31 
2.42 
1.26 
2.92 
3.26 
4.22 
4.62 
4.84 
7.08 
7.04 
7.82 
6.74 
10.82 
6.40 
14.70 
19.25 
2.35 
1.04 
3.64 
1.81 
1.36 
1.25 
0.30 
1.06 
0.00 
7.69 
0.10 
6.83 
4.87 
9.12 
8.73 
7.88 
6.88 
5.04 
10.80 
1.46 
5.32 
1.76 
0.00 
5.00 
2.84 
0.85 
2.60 
1.71 
1.34 
2.67 
2.88 
1.54 
3.63 
4.20 
5.68 
6.59 
7.40 
11.68 
13.15 
16.82 
17.43 
33.90 
30.33 
100.00 
19.25 
2.91 
1.33 
4.71 
2.46 
1.89 
1.77 
0.43 
1.54 
0.00 
11.32 
0.17 
11.35 
9.13 
18.82 
22.20 
25.75 
30.28 
31.82 
100.00 
1.46 
5.40 
1.89 
0.00 
Chapkc 
100.00 
97.50 
93.65 
91.91 
90.33 
88.38 
87.04 
85.30 
82.93 
81.09 
79.00 
75.91 
72.17 
67.75 
63.02 
57.06 
50.00 
42.57 
35.29 
26.51 
17.90 
i-lll 
1435.30 
1385.30 
1287.80 
1194.15 
1102.24 
1011.91 
923.53 
836.50 
751.20 
668.27 
587.18 
508.18 
432.27 
360.10 
292.35 
229.33 
172.27 
122.27 
79.70 
44.41 
17.90 
Varuna 
100.00 
90.38 
79.58 
77.88 
75.54 
72.82 
71.23 
69.93 
69.15 
68.47 
67.94 
64.10 
60.20 
56.74 
50.89 
43.89 
34.97 
26.66 
19.28 
13.32 
1162.93 
1112.93 
1022.56 
942.98 
865.10 
789.56 
716.75 
645.52 
575.59 
506.44 
437.97 
370.03 
305.94 
245.74 
189.00 
138.12 
94.23 
59.26 
32.60 
13.32 
Pusa jaikisan 
100.00 
99.27 
95.88 
92.34 
1531.95 
1481.95 
1382.68 
1286.80 
14.35 
14.58 
13.95 
13.05 
12.37 
11.55 
10.68 
9.94 
9.19 
8.31 
7.57 
6.84 
6.17 
5.50 
4.82 
4.28 
3.71 
3.16 
2.50 
2.10 
1.22 
11.63 
13.78 
13.04 
12,19 
11.73 
10.98 
10.16 
9.31 
8.34 
7.45 
6.45 
6.14 
5.09 
4.61 
3.90 
3.51 
3.08 
2.61 
2.06 
1.23 
15.32 
15.04 
14.83 
14.07 
-
-
-
-
-
-
-
-
-
94.94 
190.75 
241.41 
383.93 
401.80 
504.19 
486.50 
351.39 
163.92 
248.34 
31.65 
12.50 
-
-
-
-
-
-
-
-
-
-
58.43 
81.34 
126.32 
194.08 
235.47 
256.43 
114.75 
66.80 
23.76 
9.50 
-
-
-
-
-
-
-
-
-
-
-
-
-
1.18 
2.46 
3.25 
5.48 
6.14 
8.32 
9.09 
7.56 
4.24 
7.78 
1.50 
0.85 
57.85 
-
-
-
-
-
-
-
-
-
-
0.86 
1.35 
2.10 
3.64 
4.86 
6.52 
3.75 
2.94 
1.50 
0.88 
28.40 
-
-
-
-
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
91.46 
87.12 
85.38 
85.38 
81.28 
75.36 
74.09 
72.12 
68.56 
63.90 
62.30 
60.00 
53.02 
50.58 
47.46 
41.18 
38.34 
22.40 
4.34 
1.74 
0.00 
4.10 
5.92 
1.27 
1.97 
3.56 
4.66 
1.60 
2.30 
6.98 
2.44 
3.12 
6.28 
2.84 
15.94 
22.40 
4.75 
2.00 
0.00 
4.80 
7.28 
1.69 
2.66 
4.94 
6.80 
2.50 
3.69 
11.63 
4.60 
6.17 
13.23 
6.90 
41.58 
100.00 
91.46 
89.29 
86.25 
85.38 
83.33 
78.32 
74.73 
73.11 
70.34 
66.23 
63.10 
61.15 
56.51 
51.80 
49.02 
44.32 
39.76 
30.37 
1194.46 
1103.00 
1013.71 
927.46 
842.08 
758.75 
680.43 
605.71 
532.60 
462.26 
396.03 
332.93 
271.78 
215.27 
163.47 
114.45 
70.13 
30.37 
13.06 
12.66 
11.87 
10.86 
10.36 
10.07 
9.18 
8.40 
7.77 
7.23 
6.36 
5.55 
5.13 
4.26 
3.44 
2.78 
1.83 
1.36 
-
-
-
-
144.68 
214.78 
263.76 
439.93 
593.04 
603.86 
630.48 
692.40 
493.09 
427.40 
318.93 
178.31 
82.43 
33.15 
-
-
-
-
1.78 
2.85 
3.56 
6.10 
8.65 
9.45 
10.12 
11.54 
9.30 
8.45 
6.72 
4.33 
2.15 
1.48 
86.48 
Table-9.2 : Fecundity and reproduction rate of L. erysimi on 
B.juncea at 15±2"C in greenhouse condition 
Pivotal 
age 
(X) 
Nymphal 
'12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
Nymphal 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
Nymphal 
10.5 
11.5 
? 
survivorship 
dx) 
stage 0.5-11.5 day: 
0.170 
0.155 
0.150 
0.145 
0.123 
0.100 
0.078 
0.052 
0.027 
Total = 
stage 0.5-9.5 days 
0.189 
0.183 
0.156 
0.142 
0.123 
0.102 
0.064 
0.041 
Total = 
stage 0.5-8.5 days 
0.127 
0.122 
0.117 
0.110 
0.103 
0.095 
0.084 
0.073 
0.061 
0.050 
0.033 
0.023 
Total = 
stage 0.5-9.5 days 
0.166 
0.147 
Pusa Bold 
Reproductive 
m. 
s 
0.000 
1.150 
3.640 
10.380 
19.000 
31.700 
23.160 
20.300 
12.960 
122.290 
RH-30 
0.000 
2.050 
4.880 
13.980 
25.920 
42.600 
16.560 
7.280 
113.270 
Chapka-111 
0.000 
2.460 
6.500 
16.440 
24.560 
41.600 
54.540 
52.920 
33.920 
70.020 
15.000 
9.350 
327.310 
Varuna 
0,000 
1.350 
rate 
Cx-mx) 
0.000 
0.178 
0.546 
1.505 
2.337 
3.170 
1.807 
1.056 
0.350 
10.948 
0.000 
0.375 
0.761 
1.985 
3.188 
4.345 
1.060 
0.299 
12.013 
0.000 
0.300 
0.761 
1.808 
2.530 
3.952 
4.581 
3.863 
2.069 
3.501 
0.495 
0.215 
24,075 
0.000 
0.199 
l^ m .^x 
0.000 
2.407 
7.917 
23.329 
38.561 
55.475 
33.420 
20.584 
7.173 
188.866 
0.000 
4.315 
9.516 
26.800 
46.229 
67.351 
17.487 
5.224 
176.921 
0.000 
3.151 
8.746 
22.605 
34.151 
57.304 
71.012 
63.743 
36.209 
64.769 
9.653 
4,410 
375.751 
0.000 
2.283 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
Nymplial 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
0.147 
0.130 
0.118 
0.096 
0.075 
0.055 
0.039 
0.026 
Total = 
stage 0.5-7.5 days 
0.100 
0.093 
0.091 
0.089 
0.085 
0.079 
0.077 
0.074 
0.065 
0.062 
0.059 
0.051 
0.047 
0.028 
Total = 
4.200 
10.920 
19.440 
32.600 
22.500 
20.580 
12.000 
7.920 
131.510 
Pusa Jaikisan 
0.000 
2.850 
7.120 
18.300 
34.600 
47.250 
60.720 
80.780 
74.400 
76.050 
67.200 
47.630 
25.800 
19.240 
561.940 
0.617 
1.420 
2.294 
3.130 
1.688 
1.132 
0.468 
0.206 
11.152 
0.000 
0.265 
0.648 
1.629 
2.941 
3.733 
4.675 
5.978 
4.836 
4.715 
3.965 
2.429 
1.213 
0.539 
37.565 
7.718 
19.165 
33.262 
48.509 
27.844 
19.808 
8.658 
4.015 
171.260 
0.000 
2.518 
6.803 
18.730 
36.763 
50.393 
67.793 
92.654 
79.794 
82.514 
73.349 
47.367 
24.858 
11.582 
595.119 
Table-10.1 : Age specific life table of L. erysimi on B.jiincea at 20±2''C in greenhouse condition 
X 
0 
1 
2 
n 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
0 
1 
2 
-< 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
0 
1 
2 
3 
4 
Ix 
100.00 
88.26 
87.12 
83.34 
80.22 
78.88 
77.72 
75.68 
72.55 
70.00 
61.06 
52.75 
39.81 
27.88 
14.66 
7.14 
3.20 
100.00 
90.86 
87.78 
83.18 
81.94 
79.66 
78.54 
78.54 
76.45 
71.18 
62.00 
54.27 
37.06 
31.75 
24.16 
13.00 
8.45 
100.00 
90.15 
87.04 
85.45 
83.62 
dx 
11.74 
1.14 
3.78 
3.12 
1.34 
1.16 
2.04 
3.13 
2.55 
8.94 
8.31 
12.94 
11.93 
13.22 
7.52 
3.94 
3.20 
9.14 
3.08 
4.60 
1.24 
2.28 
1.12 
0.00 
2.09 
5.27 
9.18 
7.73 
17.21 
5.31 
7.59 
11.16 
4.55 
8.45 
9.85 
3.11 
1,59 
1.83 
2.84 
lOOq, 
11.74 
1.29 
4.34 
3.74 
1.67 
1.47 
2.62 
4.14 
3.51 
12.77 
13.61 
24.53 
29.97 
47.42 
51.30 
55.18 
100.00 
9.14 
3.39 
5.24 
1.49 
2.78 
1.41 
0.00 
2.66 
6.89 
12.90 
12.47 
31.71 
14.33 
23.91 
46.19 
35.00 
100.00 
9.85 
3.45 
1.83 
2.14 
3.40 
Pusa Bold 
Lx 
100.00 
94.13 
87.69 
85.23 
81.78 
79.55 
78.30 
76.70 
74.12 
71.28 
65.53 
56.91 
46.28 
33.85 
21.27 
10.90 
5.17 
T 
' X 
1018.67 
968.67 
874,54 
786.85 
701.62 
619.84 
540.29 
461.99 
385.29 
311.18 
239,90 
174,37 
117,47 
71,19 
37.34 
16.07 
5.17 
RH-30 
100.00 
95.43 
89.32 
85.48 
82.56 
80.80 
79.10 
78.54 
77.50 
73.82 
66.59 
58.14 
45.67 
34.41 
27,96 
18,58 
10.73 
Chapkf 
100.00 
95.08 
88.60 
86.25 
84.54 
1054.60 
1004.60 
909.17 
819.85 
734.37 
651,81 
571,01 
491,91 
413.37 
335.87 
262.06 
195.47 
137.33 
91.67 
57.26 
29.31 
10.73 
i-lll 
978.63 
928.63 
833.56 
744.96 
658.72 
Cx 
10.19 
10.98 
10,04 
9,44 
8,75 
7.86 
6.95 
6.10 
5.31 
4.45 
3.93 
3.31 
2.95 
2.55 
2.55 
2.25 
1,62 
10,55 
11,06 
10.36 
9,86 
8,96 
8,18 
7,27 
6,26 
5.41 
4.72 
4.23 
3.60 
3.71 
2.89 
2.37 
2.25 
1.27 
9.79 
10.30 
9.58 
8.72 
7.88 
Total 
offspring 
-
-
-
-
-
-
-
-
-
206.50 
436,58 
415,67 
324,85 
151,11 
59,52 
27.56 
4.86 
-
-
-
-
-
-
-
-
243.11 
486.87 
530.72 
496.57 
238.67 
102.24 
64.75 
22.36 
8.96 
-
-
-
-
-
Offspring/9 
-
-
-
-
-
-
-
-
-
2.95 
7.15 
7.88 
8.16 
5.42 
4.06 
3.86 
1.52 
41.00 
-
-
-
-
-
-
-
-
3.18 
6.84 
8.56 
9.15 
6,44 
3,22 
2,68 
1,72 
1,06 
42,85 
-
-
-
-
-
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
2 
'^ 
J 
4 
5 
6 
7 
8 
9 
10 
n 
12 
13 
14 
0 
1 
2 
^ 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
80.78 
79.94 
75.12 
69.26 
65.30 
60.58 
55.81 
32.08 
27.00 
100.00 
87.16 
86.25 
81.44 
78.52 
75.68 
74.92 
72.10 
65.74 
62.42 
55.86 
46.65 
32.50 
21.75 
6.40 
100.00 
96.56 
93.24 
91.33 
89.40 
86.14 
82.68 
80.46 
75.72 
71.64 
66.50 
60.00 
59.00 
40.15 
36.28 
0.84 
4.82 
5.86 
3.96 
4.72 
4.77 
23.73 
5.08 
27.00 
12.84 
0.91 
4.81 
2.92 
2.84 
0.76 
2.82 
6.36 
3.32 
6.56 
9.21 
14.15 
10.75 
15.35 
6.40 
3.44 
3.32 
1.91 
1.93 
3.26 
3.46 
2.22 
4.74 
4.08 
5.14 
6.50 
1.00 
18.85 
3.87 
36.28 
1.04 
6.03 
7.80 
5.72 
7.23 
7.87 
42.52 
15.84 
100.00 
12.84 
1.04 
5.58 
3.59 
3.62 
1.00 
3.76 
8.82 
5.05 
10.51 
16.49 
J O . J J 
33.08 
70.57 
100.00 
3.44 
3.44 
2.05 
2.11 
3.65 
4.02 
2.69 
5.89 
5.39 
7.17 
9.77 
1.67 
31.95 
9.64 
100.00 
82.20 
80.36 
77.53 
72.19 
67.28 
62.94 
58.20 
43.95 
29.54 
574.18 
491.98 
411.62 
334.09 
261.90 
194.62 
131.68 
73.49 
29.54 
Vanma 
100.00 
93.58 
86.71 
83.85 
79.98 
77.10 
75.30 
73.51 
68.92 
64.08 
59.14 
51.26 
39.58 
27.13 
14.08 
944.19 
894.19 
800.61 
713.91 
630.06 
550.08 
472.98 
397.68 
324.17 
255.25 
191.17 
132.03 
80.78 
41.20 
14.08 
Pusa Jaikisan 
100.00 
98.28 
94.90 
92.29 
90.37 
87.77 
84.41 
81.57 
78.09 
73.68 
69.07 
63.25 
59.50 
49.58 
38.22 
1110.96 
1060.96 
962.68 
867.78 
775.50 
685.13 
597.36 
512.95 
431.38 
353.29 
279.61 
210.54 
147.29 
87.79 
38.22 
7.11 
6.15 
5.48 
4.82 
4.01 
3.21 
2.36 
2.29 
1.09 
9.44 
10.26 
9.28 
8.77 
8.02 
7.27 
6.31 
5.52 
4.93 
4.09 
3.42 
2.83 
2.49 
1.89 
2.20 
11.11 
10.99 
10.32 
9.50 
8.67 
7.95 
7.22 
6.38 
5.70 
4.93 
4.20 
3.51 
2.50 
2.19 
1.05 
-
249.41 
539.36 
619.18 
641.25 
609.43 
302.49 
116.77 
78.30 
-
-
-
-
-
-
-
209.09 
439.14 
531.82 
538.49 
401.19 
113.10 
33.50 
7.42 
-
-
-
-
-
320.44 
673.84 
880.23 
995.72 
683.45 
562.59 
373.20 
290.28 
136.51 
64.58 
-
3.12 
7.18 
8.94 
9.82 
10.06 
5.42 
3.64 
2.90 
51.08 
-
-
-
-
-
-
-
2.90 
6.68 
8.52 
9.64 
8.60 
3.48 
1.54 
1.16 
42.52 
-
-
-
-
-
3.72 
8.15 
10.94 
13.15 
9.54 
8.46 
6.22 
4.92 
3.40 
1.78 
70.28 
Table-10.2 : Fecundity and reproduction rate of L erysimi on 
B.juncea at 20±2''C in greenhouse condition 
Pivotal 
age 
(X) 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
0 
survivorship 
(Ix) 
stage 0.5-8.5 days 
0.253 
0.221 
0.191 
0.144 
0.101 
0.053 
0.026 
0.012 
Total = 
stage 0.5-7.5 days 
0.202 
0.188 
0.164 
0.143 
0.098 
0.084 
0.064 
0.034 
0.022 
Total = 
Nymphal stage 0.5-5.5 days 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
0.172 
0.162 
0.149 
0.140 
0,130 
0.120 
0.069 
0.058 
Total -
stage 0.5-6.5 days 
0.198 
0.181 
0.172 
0.154 
Pusa Bold 
m. 
0.000 
7.150 
15.760 
24.480 
21.680 
20.300 
23.160 
10.640 
123.170 
RH-30 
0.000 
6.840 
17.120 
27.450 
25.760 
16.100 
16.080 
12.040 
8.480 
129.870 
Chapka-iri 
0.000 
7.180 
17.880 
29.460 
40.240 
27.100 
21.840 
20.300 
164.000 
Varvma 
0.000 
6.680 
17.040 
28.920 
Reproductive 
rate 
(•x-mx) 
0.000 
1.580 
3.010 
3.525 
2.190 
1.076 
0.602 
0.128 
12.111 
0.000 
1.286 
2.808 
3.925 
2.525 
1.352 
1.029 
0.409 
0.187 
13.521 
0.000 
1.163 
2.664 
4.124 
5.231 
3.252 
1.507 
1.177 
19.119 
0.000 
1.209 
2.931 
4.454 
l,m,.x 
0.000 
16.592 
34.617 
44.064 
29.561 
15.601 
9.334 
2.107 
151.876 
0.000 
12.216 
29.481 
45.142 
31.556 
18.257 
14.922 
6.346 
3.079 
160.999 
0.000 
8.724 
22.645 
39.182 
54.928 
37.398 
18.838 
15.895 
197.609 
0.000 
10.277 
27.844 
46.764 
11.5 
12.5 
13.5 
14.5 
Nymphal 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
0.128 
0.089 
0.060 
0.018 
Total = 
stage 0.5-4.5 days 
0.131 
0.126 
0.122 
0.115 
0.109 
0.101 
0.091 
0.090 
0.061 
0.055 
Total = 
34.400 
17.400 
9.240 
8.120 
121.800 
Pusa Jaikisan 
0.000 
8.150 
21.880 
39.450 
38.160 
42.300 
37.320 
34.440 
27.200 
16.020 
264.920 
• 4.403 
1.549 
0.554 
0.146 
15.246 
0.000 
1.027 
2.669 
4.537 
4.159 
4.272 
3.396 
3.100 
1.659 
0.881 
25.701 
50.637 
19.358 
7.484 
2.120 
164.483 
0.000 
6.675 
20.021 
38.563 
39.514 
44.859 
39.055 
38.745 
22.399 
12.776 
262.607 
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Fig. 4 - Effect of temperature on survivorship (IJ and mortality ( d j 
of L. erysimi under greenhouse condition 
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Fig. 5 - Effect of temperature on the offspring/? and intrinsic rate of increase 
(rn,) of L. erysimi on B.juncea under greenhouse condition. 
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Experiment No. - 3. Effect of insecticides on life table of mustard aphid, L. 
erysimi (Kalt.) on Indian mustard, B.juncea: 
Chemical management would continue to be the first line of defense against 
mustard aphid particularly under outbreak situation. More than 90% mortality of 
aphids is possible by use of systemic insecticides but the population attains similarity 
under treated and untreated fields within a period of 2 to 3 weeks due to high rate of 
multiplication (Singh et al, 1984). Aphids take up insecticide either by contact with a 
treated surface, by ingestion or as vapour. Most widely used technique of placing 
aphids on treated leaves/central shoot, where all three routes may be involved 
(Devonshire and Rice, 1988). In the present experiment, Lc3() solution of insecticide 
was prepared in distilled water and sprayed upon the detached shoot of mustard 
consist of colony of mustard aphid where all stages were present. Mortality was not 
recorded but only surviving wingless nymphs of 4"^  instar were selected and analyzed 
the effects of sublethal doses of insecticides on the life table of L. erysimi. 
Result showed that age specific survivorship (1^ ) from cohort is decreased in 
nymphal stages of L. erysimi exposure to after neem formulations and synthetic 
insecticides as compared to untreated individuals. Survivorship of nymph is 
significantly reduced to 5 days by application of dichlorvos on Chapka-111 and 
prolonged to 9 days by neem excel on Pusa Bold as compared to other insecticides on 
host plant tested and unexposed control. Natural mortality of nymphs was highest 
when L. erysimi reared on Varuna i.e. 7.68% and mortality gradually decreased down 
on varieties of B.juncea. Mortality also occurred during the development stages of L. 
erysimi. LC30 of insecticides caused a significantly variable mortality of nymph of L. 
erysimi in relation to host plants. LC30 of cypermethrin inflicted the highest mortality 
i.e. 39.50%) of f^ ' instar nymph on Pusa Bold while lowest mortality of 1^ ' instar 
occurred i.e. 10.70%) after exposure to neem excel on Pusa Jaikisan. Mortality of 
nymphs decreased with increase of age of nymph. Expectancy of life of nymph was 
high in the beginning of age and then declined gradually at end of life in the exposed 
and unexposed population and host plants. 
Adult formation was found greatest when /.. erysimi reared on Chapka-111 and 
reduced to 41.08 adults on Varuna. However, 4'' insiar of I. erysimi was exposed to 
fenvalerate gave 42.27 adults on Chapka-!!1 and lowest i.e. 10.32 adults were 
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emerged on Rl 1-30 after exposure to cypermethrin. More adults were formed on Pusa 
Jaikisan by exposure to neem excel than that of/., erysimi reared on Pusa Bold under 
the influence of neem excel. Therefore, adult emergence was significantly affected 
when L. erysimi reared on B. juncea varieties exposed with insecticides. Survivorship 
of adult aphid was highest i.e. 10 days on Chapka-111 and lowest on 8 days on 
Varuna and 10 days on Pusa Jaikisan in the unexposed population. Survivorship of 
adult was significantly reduced to 3 days when 4"' instar nymph was exposed to 
cypermethrin on Pusa Bold and highest survivorship was found to be 8 days on Pusa 
Jaikisan after exposure to fenvalerate. However, survivorship was reduced to 4 days 
on Pusa Bold when 4" instar of L. ensimi exposed to neemarin and prolonged to 8 
days on Chapka-111 by the application of neem excel. Chapka-111 was found to be 
preferred host plant of L. eiysimi where the adults will survive for 10 days. 
Natural mortality in the individuals ofZ. erysimi was highest i.e. 8.21 reared on 
Chapka-111 and followed by RH-30 then gradually decreased down on varieties of 5. 
juncea. Mortality of adult of I. erysimi when exposed to sublethal dose of endosulfan 
caused 7.96% mortality on Pusa Jaikisan and lowest mortality occurred on Varuna 
after exposure to imidacloprid. 8.21% mortality was recorded on Chapka-111 by 
exposure to neem excel as compared to 3.88% mortality on Pusa Bold after 
application of neem excel while (),]0% mortality caused by neemarin on Varuna 
variety. Mortality of adult is significanily (/^ <0.()5) affected by exposure of 
insecticides and host plants. Expectancy of adult was high when L. erysimi reared on 
Chapka-l 11 as compared to Pusa Jaikisan i.e. 4.70. Expectancy was significantly 
reduced in the population exposed to cypermethrin on Pusa Bold as compared to 4.42 
in the treatment of fenvalerate on Pusa Jaikisan. It was also found that expectancy was 
also reduced by exposure to neem excel and neemarin but reduction is not greater than 
synthetic insecticides. Therefore, expectancy of adult is significantly (P<0.05) differed 
when L. erysimi reared on B. juncea under the influence of insecticides. 
Adult of i . erysimi starts producing nymphs within 24 hr of its emergence and 
as long as adult will survive. Production of offspring/female was highest i.e. 19.56 
nymphs/female on RH-30 exposed with endosulfan and lowest i.e. 2.56 
nymphs/female on Pusa Bold exposed with imidacloprid as compared to other 
insecficides and host plants. Whereas, 39.38 nymphs/female were born when L. 
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eryslmi reared on Pusa Jaikisan and reduced to 32.85 nymphs/female on RH-30 as 
compared to other varieties of B. juncea (Table-12.1, 13.1, 14.1, 15.1 16.1 and 17, 
Fig.-6). 
Potential fecundity (Pf) of L. erysimi is significantly (F<0.05) differed by 
insecticides and host plants. Pf was highest i.e. 132.85 nymphs/female/generation 
when L. erysimi reared on Pusa Jaikisan while, lowest i.e. 104.32 
nymphs/female/generation on Varuna in unexposed population as compared to other 
host plants. 57.97 nymphs/female/generation were born when 4"^  instar of/-, erysimi 
was exposed to LC30 of fenvalerate on Pusa Jaikisan while, lowest i.e. 5.90 
nymphs/female/generation on Pusa Bold exposed with cypermethrin as compared to 
other insecticides and varieties of 5. juncea (12.2, 13.2, 14.2, 15.2 16.2 and 17). 
Net reproductive rate (Ro) is significantly (P<0.05) / non-significantly differed 
in exposed and unexposed population. It was highest i.e. 5.274 
nymphs/female/generation in fenvalerate exposed population on Pusa Jaikisan and 
reduced to 1.125 nymphs/female/generation exposed with imidacloprid. It showed that 
population growth is significantly reduced by application of sublethal doses of 
insecticides in relation to host plants. RQ was found highest i.e. 12.919 
nymphs/female/generation when L. erysimi reared on Pusa Jaikisan and 11.511 on 
Chapka-111 as compared to other variety of B. juncea (12.2, 13.2, 14.2, 15.2 16.2 and 
17). 
Intrinsic rate of increase (r^) is significantly (/'<0.05) / non-significantly 
affected by insecticides and varieties of B. juncea. x^ was highest i.e. 0.0479 
nymphs/female/day on RH-30 and Chapka-111 varieties when exposed with neem 
excel and dichlorvos, respectively while, 0.0046 nymphs/female/day on Pusa Bold 
exposed with imidacloprid as compared to other insecticides and host plants. 0.0617 
nymphs/female/day were bom on Pusa Jaikisan while, lowest i.e. 0.0589 
nymphs/female/day on RH-30 in unexposed population of I. erysimi as compared to 
other host plants (Table-17 and Fig.-6). Finite rate of increase {\) is significantly 
(f<0.05) and non-significantly varies with insecticide treatments on varieties of B. 
juncea. Highest finite rate of increase (k) occurred when 4' instar of L. erysimi 
exposed with cypermethrin (1.047) on Chapka-111 and lowest i.e. 1.004 
nymphs/female/day exposed with imidacloprid on Pusa Bold as compared to other 
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insecticides and host plants. 1.066 nymphs/female/day were bom on unexposed 
population on Varuna and lowest i.e. 1.061 nymphs/female/day on RH-30 and 
Chapka-111 as compared to other host plants (Table-17). 
Mean generation time (Tc) of I . erysimi was significantly (P<0.05) affected by 
insecticides and host plants. Mean generation time is prolonged to 12.628 days on 
Pusa Bold exposed with neem excel and reduced to 9.667 days with dichlorvos on 
Chapka-111 as compared to other insecticides and host plants. 14.149 days were 
required by L. erysimi to complete one generation on Pusa Jaikisan and 12.421 days 
on Chapka-111 with unexposed population (Table-17). Corrected generation time (T) 
was highest i.e. 16.012 days on Pusa Jaikisan when L. erysimi exposed to fenvalerate 
and 11.120 days on Pusa Bold exposed to imidacloprid as compard to other 
insecticides and host plants. Corrected generation time was found highest i.e. 18.021 
days on Pusa Bold and lowest i.e. 17.005 days on Varuna when L. erysimi reared on 
above unexposed population as compared to other mentioned host plants (Table-17). 
Corrected generation time was significantly/non-significantly differed on exposed and 
unexposed population on B. juncea. 
Doubling time (DT) is significantly (?<0.05) affected by insecticides and B. 
juncea varieties. Doubling time of i . erysimi is prolonged to 65.441 days on Pusa 
Bold exposed to imidacloprid and reduced to 6.285 days on RH-30 and Chapka-111 
exposed with neem excel and dichlorvos as compared to other insecticide tested and 
B. juncea. 5.111 days were required by L. erysimi to become double in number on 
RH-30 and lowest i.e. 4.741 days on Varuna on unexposed as compared to other host 
plants of B. juncea (Table-17). 
Exposure to pesticides may result in a wide range of effects on an organism. In 
addition to death, can result in shortened life span, reduced number of offspring, 
changes in the time of first reproduction, longer generation times, weight loss, and 
mutation in offspring (Stark and Banks, 2003) and may also lead to population decline 
and collapse (Stephens and Sutherlands, 1999, Stephens et al. 1999). Neem 
formulations and insecticides adversely affected the life table parameter of Z. erysimi. 
In the present study survivorship of nymphal stage of L. erysimi is significantly 
(/^<0.05) reduced to 5 days when exposed to dichlorvos on Chapka-111 and 
prolonged to 9 days by neem excel on Pusa Bold as compared to other insecticides 
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and host plants. However, survivorship of adult aphid was highest i.e. 10 days on 
Chapka-111 and lowest on Varuna and 10 days on Pusa Jaikisan in the unexposed 
population. While, survivorship of adult v/as considerably reduced to 3 days when 4"^  
instar nymph was exposed to cypermethrin on Pusa Bold and prolonged to 8 days on 
Pusa Jaikisan after exposure to fenvalerate. When 3'^ '' instars of P. xylostella were 
treated with the LC25 concentration of insecticides, the surviving females laid smaller 
larvae and the smaller larvae showed a lower percentage of fertility (Yin et ai, 
2008a). Chen and Nakasuji (2004) has reported reduced nymph size in fenvalerate 
resistant strains of P. xylostella. In a few studies, insecticides applications have 
resulted in reduction in female survival. Progeny production and fecundity (Kim et ai, 
2006, Ruiz et al, 2008). The same result was also obtained by Li-Hui Dong et ai 
(2004) where survivor rate of P. xylostella was only 3.7 percent in treated with 
emamectin as compared to 35.5 percent in control on cruciferous host plants. 
Sui-vivorship of nymphs and adults of A. pisum treated with margosan-o was reduced 
in a concentration dependent manner on the leguminous host plant of pea (Stark and 
Wennergren, 1995). Maximum survivorship of adult at 100 ppm was 23 day as 
compared to 32 day in control. They also reported that survivorship of treated adult 
was reduced; reduction was much less than in individuals treated as young. 
Survivorship curve of the population treated to sublethal concentration of imidacloprid 
had more rapid decline than that of control population of the early adult life stage on 
the rapeseed, B. napiis (Lashkari et al, 2007). Survivorship was also decreased when 
P. xylostella treated with 0.002% imidacloprid on cauliflower (Ansari et al, 2008). 
Spinosad application resulted in the reductions to female survival, progeny production 
and net fecundity (Kim et al., 2006, Ruiz et al, 2008). Age specific survival rate 
declined in P. xylostella after the application of spinosad on the host plant of cabbage 
(Yin et al, 2009). In the present study, LC30 of cypermethrin inflicted highest 
mortality i.e. 39.50% of 1^ ' instar nymph on Pusa Bold while, lowest mortality of l" 
instar occurred i.e. 10.70 after exposure to neem excel. Natural mortality in the 
nymphs reared on B. juncea was highest on Varuna i.e. 7.68% and gradually 
decreased on varieties of B. juncea. Endosulfan caused 7.96% mortality of adult on 
Pusa Jaikisan and lowest on Varuna after exposure to imidacloprid. 8.21% mortality 
was recorded on Chapka-111 by exposure to neem excel as compared 3.88% on Pusa 
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Bold. Stark and Wennergren (1995) found concentration dependent death rate in A. 
pisum by the application of margosan-o on pea plant and Rezaei et al. (2007) also 
obtained mortality caused by pesticides which was significantly different from the 
control on alfalfa. 
In the present study, daily fecundity (mx) of L. eiysimi is high in the middle of 
age in both treated and untreated population. Production of offspring/female was 
highest i.e. 19.56 nymphs/female on RH-30 exposed with endosulfan while lowest 
2.56 nymphs/female on Pusa Bold exposed with imidacloprid as compared to other 
insecticides and host plants. 39.38 nymphs/female were bom when L. erysimi reared 
on Pusa Jaikisan while, reduced to 32.85 nymphs/female on RH-30 as compared to 
other host plants of B. juncea. Similar results were obtained when P. xylostella was 
exposed to 0.002% imidacloprid (Ansari et al, 2008). The lowest and highest means 
of age specific fecundity per insect per day (mx) occurred during the treatment with 
pymetrozine and imidacloprid, respectively on Chrysoperla cornea on alfalfa plants 
(Rezaei et al., 2007) but also observed that imidacloprid had no significant effect on 
fecundity, while propargite and pymetrozine caused a significant reduction. Lashkari 
et al. (2007) also found that fecundity of untreated population was significantly 
greater than those treated to insecticides on the host plants of rapeseed. Potential 
fecundity (Pf) of i . erysimi was highest i.e. 132.85 nymphs/female/generation when L. 
erysimi reared on Pusa Jaikisan while, lowest i.e. 104.32 nymphs/female/generation 
on Varuna in unexposed population as compared to other host plants. 57.97 
nymphs/female/generation were bom when 4* instar of Z. erysimi exposed with LC30 
of fenvalerate on Pusa Jaikisan while, lowest i.e. 5.90 nymphs/female/generation on 
Pusa Bold to cypermethrin as compared to other insecticides and host plants of B. 
juncea. Fecundity of female insects was reduced significantly due to sublethal effect 
of spinosad (Kim et al., 2006, Pineda et al, 2007, Ruiz et al, 2008). Moreover, 
spinosad treated P. xylostella has lower fecundity and egg viability in sub-1, but 
reproduction recovered to the same level as the SS-strain in sub-5 strain. In sub-10 
strain, the fecundity was much higher than in the control and other treatments on 
cruciferous plants of cabbage (Yin et al 2009) while, spinosad caused an increased 
fecundity in Orius insidiosus (Elzen et al, 2001). One possible explanation for this 
finding was that the surviving individuals maintained high reproductive rates could 
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have to which allowed them to compensate for losses and act reservoirs for future 
reproduction (Walthall and Stark, 1997a). 
In the present study, net reproductive rate (Ro) was highest i.e. 5.274 
nymphs/female/generation in fenvalerate exposed population on Pusa Jaikisan and 
reduced to 1.125 nymphs/female/generation with imidacloprid on Pusa Bold that 
caused a significant {P<0.05) increase in population growth as compared to other 
insecticides and host plants of B.juncea. Net reproductive rate (RQ) was found highest 
i.e. 12.919 nymphs/female/generation when L. erysimi reared on Pusa Jaikisan and 
lowest on Chapka-111 as compared to other host plants. Ahmadi (1983) reported that 
when dicofol is used against T. urticae, net reproductive rate (RQ) is decreased in 
different concentrations. Kaur et al (2001) suggested that number of females over 
generation (RQ) declined as function of pesticides concentration. Stark and 
Wennergren (1995) suggested that number of female per generation [net reproductive 
rate (RQ)] declined as a function of pesticide and only 0.05 in the group treated to 100 
ppm azadirachtin from birth to adult stage on pea. Although RQ also declined in 
response to pesticides exposure in the population treated as adults. RQ was greatly 
reduced to 3.66 when P. xylostella treated to sublethal doses of emamectin in 
comparison to 33.81 in control on cruciferous host plants (Li-Hui Dong el al, 2004) 
and reduction in Ro is also obtained by Ansari et al. (2008) when P. xylostella 
ingested 0.002% imidacloprid as compared to control on cauliflower. Rezaei et al. 
(2007) found a 50% reduction in Ro caused by pymetrozine as compared to control. Ro 
is decreased on rapeseed, B. napus significantly when B. brassicae treated to 
imidacloprid and pymetrozine as compared to control on the host plants of alfalfa 
plants (Lashkari et al, 2007) but there is a substantial increase in the net reproductive 
rate of A. gossypii treated with bifenthrin on the host plants of cotton (Kern and 
Stewart, 2000). 
Most pesticides have the ability to decrease the intrinsic rates of increase or 
fecundity in sublethal treated population of some insects (Lashkari et al, 2007, 
Jedlicka et al, 2007). The life history parameters may vary with tim.e under various 
insecticide exposures (Banks et al, 2007, 2008). Li et al (2006) reported that the 
intrinsic rate of increase of hawthorn spider mites was significantly delayed after the 
juvenile stages were treated with clofentizine, and R<, decreased significantly when the 
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mites were treated to constant concentrations of clofentizine in the successive 
generations. The results of Yin et al. (2009) showed that when P. xylostella treated to 
sublethal concentrations of spinosad that caused the decrease in the intrinsic rate of 
increase, net reproductive rate, and gross reproductive rate during the first generation. 
After 5 to 10 generations, hov/ever, the above mentioned parameters recovered to 
control levels and in some cases, even to above control level. These results indicated 
that P. xylostella acquired a higher tolerance to a stressor in a relatively short time and 
could even develop resistance to the stressor after a long period of exposure. It was 
found in the present studies that rn, was highest i.e. 0.0479 nymphs/female/day on RH-
30 and Chapka-111 varieties when exposed with neem excel and dichlorvos while, 
0.0046 nymphs/female/day on Pusa Bold exposed v/ith imidacloprid as compared to 
other insecticides and host plants. When neonates of A. pisum were treated to different 
concentration of margosan-o, the r^ , was reduced in a concentration dependent manner 
and become negative at 60 ppm azadirachtin, showing that population would be at the 
verge of extinction, rm for A. pisum treated as adults was not significantly affected by 
different concentrations of azadirachtin on pea plants (Stark and Wennergren, 1995). 
Xm for A. pisum exposed as adults was not significantly affected by different 
concentrations of azadirachtin and r^ declined as concentration increased when A. 
pisum was exposed to sublethal concentration of imidacloprid, similar results were 
reported by Navatha and Murthy (2006). A significantly declined r^ was calculated 
for population of 5. brassicae treated to imidacloprid and pymetrozine on B. napus 
host plants (Lashkari et al., 2007), while r^ of survivors oi'P. xylostella derived from 
emamectin ingested larvae was 0.0665 females/female/day as to 0.0978 in control (Li-
Hui Dong et al., 2004). Boykin and Campbell (1982) reported that when mites fed on 
peanut leaves treated with mancozeb, carbaryl, mancozeb+ carbaryl had slightly 
higher rm values than mites fed on leaf from the untreated check. Mites treated to 
peanut leaves treated with canonical copper, fentin hydroxide, benomyl and benomyl 
+ mancozeb + carbaryl had slightly lower r^ values. 34% decrease in r^ caused by 
pymetrozine on C. carnea on alfalfa plants as reported by Rezaei et al. (2007). rm is 
also tend to be redticed when P. xylostella ingested 0.002')o imidacloprid on 
cauliflower (Ansari et al, 2008), However, neither increase nor decrease in the 
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intrinsic rate of increase of .4. gossypii treated to bifenthrin, acephate or carbofuron on 
cotton host plants (Kern and Stewart, 2000). 
In the present study, mean length of generation (Tc) of L. erysimi is prolonged 
to 12.628 on Pusa Bold exposed with neem excel and reduced to 9.667 days with 
dichlorvos on Chapka-111 as compared to other insecticides and host plants. 14.149 
days were required by L. erysimi to complete one generation on Pusa Jaikisan and 
lowest to 12.421 days on Chapka-111 with unexposed population. It was further 
stressed by Stark and Wennergren (1995) that mean generation time also declines as 
pesticide concentration increased. The population treated from birth was affected 
more than the population treated as adults. Ahmadi (1983) also reported that value of 
Tc is decreased when different concentration of dicofol is used. Similar results were 
also obtained on B. napiis host plants by Lashkari et al. (2007) where B. brassicae 
treated to sublethal concentration of imidacloprid and pymetrozine. Corrected 
generation time was found to be highest i.e. 18.021 days on Pusa Bold and lowest i.e. 
17.005 days on Varuna when L. eiysimi reared on above unexposed control as 
compared to other mentioned host plants. It is reduced to 26.63 days when P. 
xylostella treated to 0.002% imidacloprid as compared to 29.26 days in untreated on 
cauliflower (Ansari et al, 2008). Generation time is also declined as pesticide 
concentration increased on the host plant (Stark and Wennergren, 1995). 
In the present study, the population of I . erysimi will become double in 65.441 
on Pusa Bold exposed with imidacloprid and reduced to 6.285 days on RH-30 and 
Chapka-111 exposed with neem excel and dichlorvos as compared to other 
insecticides and host plants. Population of B. brassicae treated to imidacloprid had 
more time to compensate for lost of individuals on rapeseed, B. napus host plants 
(Lashkari et al., 2007) and the same result is reported by Ansari et al. (2008) that 
0.002% imidacloprid prolonged the doubling time on cruciferous host plants of 
cauliflower. 
It is concluded that insecticides and neem formulations caused a significant 
effect on the nympha! and adult population of L erysimi. Imidacloprid was found to 
the most effective as compared to dichlorvos, endosulfan, cypermethrin, neemarin, 
fenvalerate and neem excel. Therefore, these insecticides may be incorporated in the 
Integrated Pest Management (IPM) of/,, erysimi ofBrassica crops. 
Table- 12.1 : Effect of insecticides on life table of L. erysimi on B.juncea var. Pusa Bold 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Ix 
100.00 
62.60 
51.52 
46.34 
38.78 
33.50 
26.20 
22.27 
17.35 
13.40 
7.64 
4.75 
100.00 
66.60 
53.55 
45.12 
40.00 
33.05 
22.30 
16.15 
11.27 
7.75 
4.22 
3.40 
1.25 
100.00 
60.50 
48.46 
42.30 
36.15 
29.25 
22.15 
17.00 
14.68 
9.90 
5.00 
3.50 
dx 
37.40 
11.08 
5.18 
7.56 
5.28 
7.30 
3.93 
4.92 
3.95 
5.76 
2,89 
4.75 
33.40 
13.05 
8.43 
5.12 
6.95 
10.75 
6.15 
4.88 
3.52 
3.53 
0.82 
2.15 
1.25 
39.50 
12.04 
6.16 
6.15 
6.90 
7.10 
5.15 
2.32 
4.78 
4.90 
1.50 
3.50 
Dichlorvos (0.00025%) 
lOOq, 
37.40 
17.70 
10.05 
16.31 
13.62 
21.79 
15.00 
22.09 
22.77 
42.99 
37.83 
100.00 
Lx 
100.00 
81.30 
57.06 
48.93 
42.56 
36.14 
29.85 
24.24 
19.81 
15.38 
10.52 
6.20 
T 
' X 
471.98 
371.98 
290.68 
233.62 
184.69 
142.13 
105.99 
76.14 
51.90 
32.09 
16.72 
6.20 
Endosulfan (0.00011%) 
33.40 
19.59 
15.74 
11.35 
17.38 
32.53 
27.58 
30.22 
31.23 
45.55 
19.43 
63.24 
100.00 
100.00 
83.30 
60.08 
49.34 
42.56 
36.53 
27.68 
19.23 
13.71 
9.51 
5.99 
3.81 
2.33 
454.04 
354.04 
270.74 
210.66 
161.33 
118.77 
82.24 
54.57 
35.34 
21.63 
12.12 
6.14 
2.33 
Cypennethrin (0.00013%) 
39.50 
19.90 
12.71 
14.54 
19.09 
24.27 
23.25 
13.65 
32.56 
49.49 
30.00 
100.00 
100.00 
80.25 
54.48 
45.38 
39.23 
32.70 
25.70 
19.58 
15.84 
12.29 
7.45 
4.25 
437.14 
337.14 
256.89 
202.41 
157.03 
117.81 
85.11 
59.41 
39.83 
23.99 
11.70 
4.25 
Sx 
4.72 
5.94 
5.64 
5.04 
4.76 
4.24 
4.05 
3.42 
2.99 
2.39 
2.19 
1.30 
4.54 
5.32 
5.06 
4.67 
4.03 
3.59 
3.69 
3.38 
3.14 
2.79 
2.87 
1.80 
1.86 
4.37 
5.57 
5.30 
4.79 
4.34 
4.03 
3.84 
3.49 
2.71 
2.42 
2.34 
1.21 
Total 
offspring 
-
-
-
-
-
-
-
-
30.88 
43.42 
33.62 
7.60 
-
-
-
-
-
-
-
0.00 
1.69 
10.85 
8.44 
9.52 , 
1.56 
-
-
-
-
-
-
-
-
-
18.41 
17.00 
4.38 
Offspring/? 
-
-
-
-
-
-
-
-
1.78 
3.24 
4.40 
1.60 
11.02 
-
-
-
-
-
-
-
0.00 
0.15 
1.40 
2.00 
2.80 
1.25 
7.60 
-
-
-
-
-
-
-
-
-
1.86 
3.40 
1.25 
6.51 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
9 
3 
4 
5 
6 
7 
8 
9 
10 
0 
1 
2 
- t 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
100.00 
80.56 
73.34 
66.24 
60.30 
52.00 
46.00 
37.15 
30.24 
23.40 
18.56 
11.78 
8.76 
4.40 
100.00 
63.50 
50.00 
45.00 
39.08 
30.15 
24.27 
15.20 
11.44 
8.33 
6.60 
100.00 
82.70 
75.66 
60.50 
55.45 
50.00 
45.30 
38.40 
30.75 
24.86 
19.40 
15.52 
9.34 
6.50 
2.00 
19.44 
7.22 
7.10 
5.94 
8.30 
6.00 
8.85 
6.91 
6.84 
4.84 
6.78 
3.02 
4.36 
4.40 
36.50 
13.50 
5.00 
5.92 
8.93 
5.88 
9.07 
3.76 
3.11 
1.73 
6.60 
17.30 
7.04 
15.16 
5.05 
5.45 
4.70 
6.90 
7.65 
5.89 
5.46 
3.88 
6.18 
2.84 
4.50 
2.00 
Fenvalerate (0.00017%) 
19.44 
8.96 
9.68 
8.97 
13.76 
11.54 
19.24 
18.60 
22.62 
20.68 
36.53 
25.64 
49.77 
100.00 
100.00 
90,28 
76.95 
69.79 
63.27 
56.15 
49.00 
41.58 
33.70 
26.82 
20.98 
15.17 
10.27 
6,58 
660.53 
560.53 
470.25 
393.30 
323.51 
260.24 
204.09 
155.09 
113.52 
79.82 
53.00 
32.02 
16.85 
6.58 
Imidacloprid (0.00018%) 
36.50 
21.26 
10.00 
13.16 
22.85 
19.50 
37.37 
24.74 
27.19 
20.77 
100.00 
100.00 
81.75 
56.75 
47.50 
42.04 
34.62 
27.21 
19.74 
13.32 
9.89 
7.47 
440.27 
340.27 
258.52 
201.77 
154.27 
112.23 
77.62 
50.41 
30.67 
17.35 
7.47 
Neem excel (Azadirachtin) (8.0 
17.30 
8.51 
20.04 
8.35 
9.83 
9.40 
15.23 
19.92 
19.15 
21.96 
20.00 
39.82 
30.41 
69,23 
100.00 
100.00 
91.35 
79.18 
68.08 
57.98 
52.73 
47.65 
41.85 
34.58 
27.81 
22.13 
17.46 
12.43 
7.92 
4.25 
665.38 
565.38 
474.03 
394.85 
326.77 
268.80 
216.07 
168.42 
126.57 
92.00 
64.19 
42.06 
24.60 
12.17 
4.25 
6.61 
6.96 
6.41 
5.94 
5.37 
5.00 
4.44 
4.17 
3.75 
3.41 
2.86 
2.72 
1.92 
1.50 
4.40 
5.36 
5.17 
4.48 
3.95 
3.72 
3.20 
3.32 
2.68 
2.08 
1.13 
ppm) 
6.65 
6.84 
6.27 
6.53 
5.89 
5.38 
4.77 
4.39 
4.12 
3.70 
3.31 
2.71 
2.63 
1.87 
2.13 
-
-
-
-
-
-
-
-
21.17 
36.50 
34.34 
27.80 
7.01 
1.45 
-
-
-
-
-
-
-
0.00 
1.72 
7.08 
10.30 
-
-
-
-
-
-
-
-
-
-
33.95 
36.63 
42.03 
14.95 
1.70 
-
-
-
-
-
-
-
-
0.70 
1.56 
1.85 
2.36 
0.80 
0.33 
7.60 
-
-
-
-
-
-
-
0.00 
0.15 
0.85 
1.56 
2.56 
-
-
-
-
-
-
-
-
-
-
1.75 
2.36 
4.50 
2.30 
0.85 
11.76 
0 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
-> 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
100.00 
78.56 
71.34 
65.26 
58.40 
50.52 
42.32 
38.16 
32.78 
24.52 
18.34 
11.00 
6.00 
100.00 
95.40 
92.20 
88.85 
82.00 
75.00 
68.15 
63.40 
55.22 
50.40 
44.33 
40.00 
36.56 
29.78 
21.90 
14.00 
8.15 
2.00 
21.44 
7.22 
6.08 
6.86 
7.88 
8.20 
4.16 
5.38 
8.26 
6.18 
7.34 
5.00 
6.00 
4.60 
3.20 
3.35 
6.85 
7.00 
6.85 
4.75 
8.18 
4.82 
6.07 
4.33 
3.44 
6.78 
7.88 
7.90 
5.85 
6.15 
2.00 
Neemarin (Azadirachtin) (10 ppm) 
21.44 
9.19 
8.52 
10.51 
13.49 
16.23 
9.83 
14.10 
25.20 
25.20 
40.02 
45.45 
100.00 
100.00 
89.28 
74,95 
68.30 
61.83 
54.46 
46.42 
40.24 
35.47 
28.65 
21.43 
14.67 
8.50 
644.20 
544.20 
454.92 
379.97 
311.67 
249.84 
195.38 
148.96 
108.72 
73.25 
44.60 
23.17 
8.50 
Control (distilled water) 
4.60 
J . J J 
3.63 
7.71 
8.54 
9.13 
6.97 
12.90 
8.73 
12.04 
9.77 
8.60 
18.54 
26.46 
36.07 
41.79 
75.46 
100.00 
100.00 
97.70 
93.80 
90.53 
85.43 
78.50 
71.58 
65.78 
59.31 
52.81 
47.37 
42.17 
38.28 
33.17 
25.84 
17.95 
11.08 
5.08 
966.34 
916.34 
818.64 
724.84 
634.32 
548.89 
470.39 
398.82 
333.04 
273.73 
220.92 
173.56 
131.39 
93.11 
59.94 
34.10 
16.15 
5.08 
6.44 
6.93 
6.38 
5.82 
5.34 
4.95 
4.62 
3.90 
3.32 
2.99 
2.43 
2.11 
1.42 
9.66 
9.61 
8.88 
8.16 
7.74 
7.32 
6.90 
6.29 
6.03 
5.43 
4.98 
4.34 
3.59 
3.13 
2.74 
2.44 
1.98 
2.54 
-
-
-
-
-
-
-
-
-
43.65 
42.92 
28.16 
1.68 
-
-
-
-
-
-
-
-
-
133.56 
168.45 
181.60 
250.07 
215.01 
116.07 
43.40 
11.08 
0.96 
-
-
-
-
-
-
-
-
-
1.78 
2.34 
2.56 
0.28 
6.96 
-
-
-
-
-
-
-
-
-
2.65 
3.80 
4.54 
6.84 
7.22 
5.30 
3.10 
1.36 
0.48 
35.29 
Table-12.2 : Fecundity and reproduction rate of L. erysimi on B.juncea 
var. Pusa Bold 
Pivotal 
age 
(X) 
Nymphal 
8.5 
9.5 
10.5 
11.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
9.5 
10.5 
11.5 
Dichlorvos (0.00025%) 
9 
survivorsh 
(Ix) 
ip m. 
stage 0.5 - 7.5 days 
0.402 
0.311 
0.177 
0.110 
Total = 
0.000 
3.240 
8.800 
4.800 
16.840 
Reproductive 
rate 
(Ix-mx) 
0.0000 
1.0064 
1.5585 
0.5285 
3.0934 
Endosulfan (0.00011%) 
stage 0.5-6.5 day; 
0.367 
0.256 
0.176 
0.096 
0.077 
0.028 
Total = 
0.000 
0.150 
2.800 
6.000 
11.200 
6.250 
26.400 
0.0000 
0.0384 
0.4927 
0.5749 
0.8647 
0.1774 
2.148 
Cypemiethrin (0.00013%) 
stage 0.5-8.5 
0.516 
0.571 
0.625 
Total = 
day; 
0.000 
3.400 
2.500 
5.900 
0.0000 
1.9402 
1.5625 
3.503 
Fenvalerate (0.00017%) 
Nymphal stage 0.5-7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
Nymphal; 
7.5 
8.5 
9.5 
10.5 
0.311 
0.241 
0.191 
0.121 
0.090 
0.045 
Total = 
days 
0.000 
1.560 
3.700 
7.080 
3.200 
1.65 
17.190 
0.000 
0.376 
0.707 
0.859 
0.289 
0.075 
2.305 
Imidacloprid (0.00018%) 
stage 0.5-6.5 
0.366 
0.275 
0.200 
0.159 
Total = 
days 
0.000 
0.150 
1700 
4.680 
6.530 
0.000 
0.041 
0.341 
0.743 
1.125 
l,m,.x 
0.0000 
9.5608 
16.3638 
6.0779 
32.003 
0.0000 
0.3647 
5.1737 
6.6117 
10.8084 
0.0000 
22.958 
0.0000 
20.3723 
17.9688 
38.341 
0.000 
3.570 
7.423 
9.874 
3.607 
1.009 
25.483 
0.000 
0.351 
3.236 
7.802 
11.389 
Neem excel (Azadirachtin) (8.0 ppm) 
Nymphal stage 0.5-9.5 days 
10.5 
11.5 
12.5 
13.5 
14.5 
0.368 
0.294 
0.177 
0.123 
0.038 
0.000 
2.360 
9.000 
6.900 
3.400 
0.000 
0.694 
1.593 
0.850 
0.129 
0.000 
7.984 
19.916 
11.476 
1.869 
Total = 21.660 3.266 41.244 
Neemarin (Azadirachtin) (10 ppm) 
Nymphal stage 0.5-8.5 days 
9.5 0.410 0.000 
10.5 0.306 2.340 
11.5 0.184 5.120 
12.5 0.100 0.840 
Total = 8.300 1.742 21.142 
Control (distilled water) 
Nymphal stage 0.5 - 8.5 days 
0.000 
0.717 
0.941 
0.084 
0.000 
7.528 
10.820 
1.052 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
0.204 
0.179 
0.162 
0.148 
0.121 
0.089 
0.057 
0.033 
0.008 
0.000 
3.800 
9.080 
20.520 
28.880 
26.500 
18.600 
9.520 
3.840 
0.000 
0.682 
1.470 
3.036 
3.480 
2.348 
1.054 
0.314 
0.031 
0.000 
7.158 
16.902 
37.948 
46.984 
34.053 
16.333 
5.180 
0.544 
Total = 120.740 12.415 165,101 
Table-13.1 : Effect of insecticides on life table of L. erysimi on B.juncea var. RH-30 
X 
0 
] 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Ix 
100.00 
72.34 
58.56 
53.78 
41.46 
37.00 
31.50 
25.75 
19.24 
15.15 
8.50 
5.60 
3.85 
100.00 
68.52 
54.40 
46.25 
41.18 
35.52 
27.38 
20.75 
16.60 
10.50 
7.00 
4.36 
2.75 
100.00 
62.66 
50.30 
43.22 
38.15 
30.75 
24.80 
15,45 
10.32 
6.18 
4.21 
2.60 
dx 
27.66 
13.78 
4.78 
12.32 
4.46 
5.50 
5.75 
6.51 
4.09 
6.65 
2.90 
1.75 
3.85 
31.48 
14.12 
8.15 
5.07 
5.66 
8.14 
6.63 
4.15 
6.10 
3.50 
2.64 
1.61 
2.75 
37.34 
12.36 
7.08 
5.07 
7.40 
5.95 
9.35 
5.13 
4.14 
1,97 
1.61 
2.60 
Dichlorvos (0.00025%) 
lOOq, 
27.66 
19.05 
8.16 
22.91 
10.76 
14.86 
18.25 
25.28 
21.26 
43.89 
34.12 
31.25 
100.00 
Lx 
100.00 
86.17 
65.45 
56.17 
47.62 
39.23 
34.25 
28.63 
22.50 
17.20 
11.83 
7.05 
4.73 
T 
' X 
520.81 
420.81 
334.64 
269.19 
213.02 
165.40 
126.17 
91.92 
63.29 
40.80 
23.60 
11.78 
4,73 
Endosulfan (0.00011%) 
31.48 
20.61 
14.98 
10.96 
13.74 
22.92 
24.21 
20.00 
36.75 
33.33 
37.71 
36.93 
100.00 
100.00 
84.26 
61.46 
50.33 
43.72 
38.35 
31.45 
24.07 
18.68 
13.55 
8.75 
5.68 
3.56 
Cypermethrin (0 
37.34 
19.73 
14.08 
11.73 
19.40 
19.35 
37.70 
33.20 
40.12 
31.88 
38.24 
100.00 
100.00 
81.33 
56.48 
46.76 
40.69 
34.45 
27.78 
20.13 
12.89 
8.25 
5.20 
3.41 
483.84 
383.84 
299.58 
238.12 
187.79 
144.08 
105.73 
74.28 
50.21 
31.54 
17.99 
9.24 
3.56 
.00013%) 
437.34 
337.34 
256.01 
199.53 
152.77 
112.09 
77.64 
49.86 
29.74 
16.85 
8.60 
3.41 
Sx 
5.21 
5.82 
5.71 
5.01 
5.14 
4.47 
4.01 
3.57 
3.29 
2.69 
2.78 
2.10 
1.23 
4.84 
5.60 
5.51 
5.15 
4.56 
4.06 
3.86 
3.58 
3.02 
3.00 
2.57 
2.12 
1.29 
4.37 
5.38 
5.09 
4.62 
4.00 
3.65 
3.13 
3.23 
2.88 
2.73 
2.04 
1.31 
Total 
offspring 
-
-
-
-
-
-
-
32.19 
53.49 
73.48 
29.33 
9.18 
1.93 
-
-
-
-
-
-
-
0.000 
3.450 
8.520 
15.660 
15.120 
8.250 
-
-
-
-
-
-
-
-
20.12 
23.85 
6.32 
3.15 
Offspring/? 
-
-
-
-
-
-
-
1.25 
2.78 
4.85 
3.45 
1.64 
0.50 
14.47 
-
-
-
-
-
-
-
1.20 
3.45 
4.26 
5.22 
3.78 
1.65 
19.56 
-
-
-
-
-
-
-
-
1.95 
3.86 
1.50 
1.21 
9.73 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
100.00 
81.20 
72.27 
68.64 
62.30 
50.27 
42.15 
35.68 
27.00 
20.00 
14.37 
9.00 
3.50 
100.00 
65.46 
55.58 
48.94 
40.32 
33.16 
26.75 
19.34 
14.00 
10.00 
5.75 
2.80 
100.00 
85.55 
78.27 
70.34 
62.56 
54.34 
46.16 
39.75 
32.32 
25.16 
20.75 
18.00 
15.00 
10.50 
6.00 
18.80 
8.93 
3.63 
6.34 
12.03 
8.12 
6.47 
8.68 
7.00 
5.63 
5.37 
5.50 
3.50 
34.54 
9.88 
6.64 
8.62 
7.16 
6.41 
7.41 
5.34 
4.00 
4.25 
2.95 
2.80 
14.45 
7.28 
7.93 
7.78 
8.22 
8.18 
6.41 
7.43 
7.16 
4.41 
2.75 
3.00 
4.50 
4.50 
6.00 
Fenvalerate (0.00017%) 
18.80 
11.00 
5.02 
9.24 
19.31 
16.15 
15.35 
24.33 
25.93 
28.15 
37.37 
61.11 
100.00 
100.00 
90.60 
76.74 
70.46 
65.47 
56.29 
46.21 
38.92 
31,34 
23.50 
17.19 
11.69 
6.25 
634.63 
534.63 
444.03 
367.30 
296.84 
231.37 
175.09 
128.88 
89.96 
58.62 
35.12 
17.94 
6.25 
Imidacloprid (0.00018%) 
34.54 
15.09 
11.95 
17.61 
17.76 
19.33 
27.70 
27.61 
28.57 
42.50 
51.30 
100.00 
100.00 
82.73 
60.52 
52.26 
44.63 
36.74 
29.96 
23.05 
16.67 
12.00 
7.88 
4.28 
470.70 
370.70 
287.97 
227.45 
175.19 
130.56 
93.82 
63.87 
40.82 
24,15 
12.15 
4.28 
Neem excel (Azadirachtin) (8.0 
14.45 
8.51 
10.13 
11.06 
13.14 
15.05 
13.89 
18.69 
22.15 
17.53 
13.25 
16.67 
30.00 
42.86 
100.00 
100.00 
92.78 
81.91 
74.31 
66.45 
58.45 
50.25 
42.96 
36.04 
28.74 
22.96 
19.38 
16.50 
12.75 
8.25 
711.70 
611.70 
518.93 
437.02 
362.71 
296.26 
237.81 
187.56 
144.61 
108.57 
79.83 
56.88 
37.50 
21.00 
8.25 
6.35 
6.58 
6.14 
5.35 
4.76 
4.60 
4.15 
3.61 
3,33 
2,93 
2,44 
1,99 
1.79 
4.71 
5.66 
5.18 
4.65 
4.34 
3.94 
3.51 
3.30 
2.92 
2.42 
2,11 
1,53 
ppm) 
7.12 
7.15 
6.63 
6.21 
5.80 
5.45 
5.15 
4.72 
4.47 
4.32 
3.85 
3.16 
2.50 
2.00 
1.38 
-
-
-
-
-
-
-
-
36.45 
29.20 
34.20 
12.60 
3.15 
-
-
-
-
-
-
-
-
15.40 
18,00 
14,72 
1.79 
-
-
-
-
-
-
-
-
14.22 
28.93 
38.60 
42.12 
57.90 
32.55 
1.80 
-
-
-
-
-
-
-
-
1.35 
1.46 
2.38 
1.40 
0.90 
7.49 
-
-
-
-
-
-
-
-
1.10 
1.80 
2.56 
0.64 
6.10 
-
-
-
-
-
-
-
-
0.44 
1.15 
1.86 
2.34 
3.86 
3.10 
0.30 
13.05 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
1 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
100.00 
76.10 
68.25 
60.46 
53.00 
46.00 
40.26 
33.34 
26.15 
19.00 
14.08 
10.32 
4.40 
100.00 
94.00 
90.54 
85.00 
80.34 
74.78 
69.54 
62.20 
56.46 
50.75 
43.38 
39.18 
32.46 
26.75 
19.86 
14.52 
9.34 
3.50 
23.90 
7.85 
7.79 
7.46 
7.00 
5.74 
6.92 
7.19 
7.15 
4.92 
3.76 
5.92 
4.40 
6.00 
3.46 
5.54 
4.66 
5.56 
5.24 
7.34 
5.74 
5.71 
7.37 
4.20 
6.72 
5.71 
6.89 
5.34 
5.18 
5.84 
3.50 
Neemarin (Azadirachtin) (10 ppm) 
23.90 
10.32 
11.41 
12.34 
13.21 
12.48 
17.19 
21.57 ' 
27.34 
25.89 
26.70 
57.36 
100.00 
100.00 
88.05 
72.18 
64.36 
56.73 
49.50 
43.13 
36.80 
29.75 
22.58 
16.54 
12.20 
7.36 
599.16 
499.16 
411.11 
338.94 
274.58 
217.85 
168.35 
125.22 
88.42 
58.68 
36.10 
19.56 
7.36 
Control (distilled water) 
6.00 
3.68 
6.12 
5.48 
6.92 
7.01 
10.56 
9.23 
10.11 
14.52 
9.68 
17.15 
17.59 
25.76 
26.89 
35.67 
62.53 
lOO.OO 
100.00 
97.00 
92.27 
87.77 
82.67 
77.56 
72.16 
65.87 
59.33 
53.61 
47.07 
41.28 
35.82 
29.61 
23.31 
17.19 
11.93 
6.42 
1000.85 
900.85 
803.85 
711.58 
623.81 
541.14 
463.58 
391.42 
325.55 
266.22 
212.62 
165.55 
124.27 
88.45 
58.85 
35.54 
18.35 
6.42 
5.99 
6.56 
6.02 
5.61 
5.18 
4.74 
4.18 
3.76 
3.38 
3.09 
2.56 
1.90 
1.67 
10.01 
9.58 
8.88 
8.37 
7.76 
7.24 
6.67 
6.29 
5.77 
5.25 
4.90 
4.23 
3.83 
3.31 
2.96 
2.45 
1.96 
1.83 
-
-
-
-
-
-
-
-
20.92 
31.35 
33.23 
28.69 
3.30 
-
-
-
-
-
-
-
-
-
93.89 
125.80 
170.82 
212.6! 
208.65 
105.66 
31.36 
12.42 
2.03 
-
-
-
-
-
-
-
-
0.80 
1.65 
2.36 
2.78 
0.75 
8.34 
-
-
-
-
-
-
-
-
-
1.85 
2.90 
4.36 
6.55 
7.80 
5.32 
2.16 
1.33 
0.58 
32.85 
Table-13.2 : Fecundity and reproduction rate of Z. ery^/m/ on B.juncea 
var. RH-30 
Pivotal 
age 
(X) 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
Dichlorvos (0.00025%) 
? 
survivorship 
(!x) 
stage 0.5 - 6.5 days 
0.107 
0.080 
0.063 
0.035 
0.023 
0.016 
Total = 
™x 
0.000 
2.780 
9.700 
10.350 
6.560 
2.500 
31.890 
Reproductive 
rate 
(Ix-nix) 
0.000 
0.223 
0.613 
0.367 
0.153 
0.040 
1.396 
Endosulfan (0.00011%) 
stage 0.5-6.5 days 
0.087 
0.069 
0.044 
0.029 
0.018 
0.011 
Total = 
Cypermet? 
stage 0.5-7.5 days 
0.443 
0.265 
0.181 
0.112 
Total = 
0.000 
3.450 
8.520 
15.660 
15.120 
8.250 
51.000 
0.000 
0.239 
0.373 
0.457 
0.275 
0.095 
1.439 
irin (0.00013%) 
0.000 
3.860 
3.000 
3.630 
10.490 
0.000 
1.023 
0.542 
0.405 
1.970 
Fenvalerate (0.00017%) 
stage 0.5-7.5 days 
0.366 
0.271 
0.195 
0.122 
0.047 
Total = 
0.000 
1.460 
4.760 
4.200 
3.600 
14.020 
0.000 
0.395 
0.926 
0.512 
0.171 
2.004 
Imidacloprid (0.00018%) 
stage 0.5-7.5 days 
0.430 
0.307 
0.177 
0.086 
Total = 
0.000 
1.800 
5.120 
1.920 
8.840 
0.000 
0.553 
0.904 
0.165 
1.623 
l.m^.x 
0.000 
1.896 
5.823 
3.853 
1.762 
0.502 
13.837 
0.000 
2.031 
3.545 
4.801 
3.162 
1.183 
14.722 
0.000 
9.722 
5.689 
4.656 
20.067 
0.000 
3.755 
9.723 
5.885 
2.132 
21.495 
0.000 
5.253 
9.497 
1.899 
16.650 
Neem excel (Azadirachtin) (8.0 ppm) 
Nymphal stage 0.5-7.5 days 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
0.266 
0.207 
0.170 
0.148 
0.123 
0.086 
0.049 
0.000 
1.150 
3.720 
7.020 
15.440 
15.500 
1.800 
0.000 
0.238 
0.634 
1.038 
1.903 
1.337 
0.089 
0.000 
2.258 
6.658 
11.937 
23.782 
18.049 
1.286 
Total = 44.630 5.238 63.971 
Neemarin (Azadirachtin) (10 ppm) 
Nymphal stage 0.5-7.5 days 
8.5 
9.5 
10.5 
11.5 
12.5 
0.354 
0.257 
0.190 
0.140 
0.059 
0.000 
1.650 
4.720 
8.340 
3.000 
0.000 
0.424 
0.899 
1.164 
0.178 
0.000 
4.027 
9.436 
13.385 
2.231 
Total = 17.710 2.665 29.079 
Control (distilled water) 
Nymphal stage 0.5 - 8.5 days 
9.5 0.212 0.000 0.000 0.000 
10.5 0.181 2.900 0.525 5.510 
11.5 0.163 8.720 1.425 16.388 
12.5 0.135 19.650 2.661 33.257 
13.5 0.112 31.200 3.481 46.997 
14.5 0.083 26.600 2.204 31.951 
15.5 0.061 12.960 0.785 12.166 
16.5 0.039 9.310 0.363 5.985 
17.5 0.015 4.640 0.068 1.185 
Total = 115.980 11,51! 153.440 
Table-14.1 : Effect of insecticides on life table of L. erysimi on B.juncea var. Chapka-111 
X 
0 
1 
2 
1 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
4 
5 
6 
7 
8 
9 
10 
li 
12 
Ix 
100.00 
80.75 
65.60 
55.78 
46.50 
40.34 
36.15 
30.27 
22.20 
17.18 
11.35 
7.45 
3.50 
100.00 
75.65 
62.34 
54.26 
45.75 
38.86 
31.32 
23.00 
17.50 
12.75 
8.86 
5.30 
100.00 
77.12 
67.00 
56.27 
43.58 
40.94 
34.38 
26.75 
20.00 
15.08 
11.25 
7.35 
6.10 
dx 
19.25 
15.15 
9.82 
9.28 
6.16 
4.19 
5.88 
8.07 
5.02 
5.83 
3.90 
3.95 
3.50 
24.35 
13.31 
8.08 
8.51 
6.89 
7.54 
8.32 
5.50 
4.75 
3.89 
3.56 
5.30 
22.88 
10.12 
10.73 
12.69 
2.64 
6.56 
7.63 
6.75 
4.92 
3.83 
3.90 
1.25 
6.10 
Dichlorvos (0.00025%) 
lOOq, 
19.25 
18.76 
14.97 
16.64 
13.25 
10.39 
16.27 
26.66 
22.61 
33.93 
34.36 
53.02 
100.00 
Lx 
100.00 
90.38 
73.18 
60.69 
51.14 
43.42 
38.25 
33.21 
26.24 
19.69 
14.27 
9.40 
5.48 
T 
^x 
565.32 
465.32 
374.95 
301.77 
241.08 
189.94 
146.52 
108.28 
75.07 
48.83 
29.14 
14.88 
5.48 
Endosulfan (0.00011%) 
24.35 
17.59 
12.96 
15.68 
15.06 
19.40 
26.56 
23.91 
27.14 
30.51 
40.18 
100.00 
100.00 
87.83 
69.00 
58.30 
50.01 
42.31 
35.09 
27.16 
20.25 
15.13 
10.81 
7.08 
522.94 
422.94 
335.12 
266.12 
207.82 
157.82 
115.51 
80.42 
53.26 
33.01 
17.89 
7.08 
Cypermethrin (0.00013%) 
22.88 
13.12 
16.01 
22.55 
6.06 
16.02 
22.19 
25.23 
24.60 
25.40 
34.67 
17.01 
100.00 
100.00 
88.56 
72.06 
61.64 
49.93 
42.26 
37.66 
30.57 
23.38 
17.54 
13.17 
9.30 
6.73 
552.77 
452.77 
364.21 
292.15 
230.52 
180.59 
138.33 
100.67 
70.11 
46.73 
29.19 
16.03 
6.73 
Sx 
5.65 
5.76 
5.72 
5.41 
5.18 
4.71 
4.05 
3.58 
3.38 
2.84 
2.57 
2.00 
1.56 
5.23 
5.59 
5.38 
4.90 
4.54 
4.06 
3.69 
3.50 
3.04 
2.59 
2.02 
1.34 
5.53 
5.87 
5.44 
5.19 
5.29 
4.41 
4.02 
3.76 
3.51 
3.10 
2.59 
2.18 
1.10 
Total 
offspring 
-
-
-
-
-
-
47.00 
56.30 
47.73 
58.41 
34.05 
12.67 
1.93 
-
-
-
- • 
-
-
-
33.35 
40.25 
55.46 
18.78 
4.51 
-
-
-
-
-
-' 
-
17.39 
31.60 
35.29 
42.53 
18.38 
8.85 
Offspring/? 
-
-
-
-
-
-
1.30 
1.86 
2.15 
3.40 
3.00 
1.70 
0.55 
13.96 
-
-
-
-
-
-
-
1.45 
2.30 
4.35 
2.12 
0.85 
11.07 
-
-
-
-
-
-
-
0.65 
1,58 
2.34 
3.78 
2.50 
1.45 
12.30 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
100.00 
84.00 
77.15 
70.78 
62.54 
56.30 
49.38 
42.27 
35.16 
28,40 
21.56 
14.76 
8.85 
4.92 
2.30 
100.00 
72.00 
66.50 
57.27 
50.66 
42.20 
34.44 
30.12 
22.46 
15.64 
11.00 
9.78 
4.00 
100.00 
88.33 
81.10 
74.24 
65.20 
59.00 
53.00 
47.15 
40.21 
32.00 
24.34 
20.45 
17.62 
13.00 
9.33 
4.40 
16.00 
6.85 
6.37 
8.24 
6.24 
6.92 
7.11 
7.11 
6.76 
6.84 
6.80 
5.91 
3.93 
2.62 
2.30 
28.00 
5.50 
9.23 
6.61 
8.46 
7.76 
4.32 
7.66 
6.82 
4.64 
1.22 
5.78 
4.00 
11.67 
7.23 
6.86 
9.04 
6.20 
6.00 
5.85 
6.94 
8.21 
7.66 
3.89 
2.83 
4.62 
3.67 
4.93 
4.40 
Fenvalerate 10.00017%) 
16.00 
8.15 
8.26 
11.64 
9.98 
12.29 
14.40 
16.82 
19.23 
24.08 
31.54 
40.04 
44.41 
53.25 
100.00 
100.00 
92.00 
80.58 
73.97 
66.66 
59.42 
52.84 
45.83 
38.72 
31.78 
24.98 
18.16 
11.81 
6.89 
3.61 
707.22 
607.22 
515.22 
434.65 
360.68 
294.02 
234.60 
181.76 
135.94 
97.22 
65.44 
40.46 
22.30 
10.50 
3.61 
Imidacloprid (0.00018%) 
28.00 
7.64 
13.88 
11.54 
16.70 
18.39 
12.54 
25.43 
30.37 
29.67 
11.09 
59.10 
100.00 
Neem excel 
11.67 
8.19 
8.46 
12.18 
9.51 
10.17 
11.04 
14.72 
20.42 
23.94 
15.98 
13.84 
26.22 
28.23 
52.84 
100.00 
100.00 
86.00 
69.25 
61.89 
53.97 
46.43 
38.32 
32.28 
26.29 
19.05 
13.32 
10.39 
6.89 
564.07 
464.07 
378.07 
308.82 
246.94 
192.97 
146.54 
108.22 
75.94 
49.65 
30.60 
17.28 
6.89 
7.07 
7.23 
6.68 
6.14 
5.77 
5.22 
4.75 
4.30 
3.87 
3.42 
3.04 
2.74 
2.52 
2.13 
1.57 
5.64 
6.45 
5.69 
5.39 
4.87 
4.57 
4.25 
3.59 
3.38 
3.17 
2.78 
1.77 
1.72 
(Azadirachtin) (8.0 ppm) 
100.00 
94.17 
84.72 
77.67 
69.72 
62.10 
56.00 
50.08 
43.68 
36.11 
28.17 
22.40 
19.04 
15.31 
11.17 
6.87 
777.17 
677.17 
583.01 
498.29 
420.62 
350.90 
288.80 
232.80 
182.73 
139.05 
102.94 
74.77 
52.38 
33.34 
18.03 
6.87 
7.77 
7.67 
7.19 
6.71 
6.45 
5.95 
5.45 
4.94 
4.54 
4.35 
4.23 
3.66 
2.97 
2.56 
1.93 
1.56 
-
-
-
-
-
-
-. 
24.52 
38.68 
35.50 
73.30 
52.55 
19.03 
6.40 
1.61 
-
-
-
-
-
-
-
49.40 
52.11 
56.30 
42.24 
12.13 
2.20 
-
-
-
-
-
-
-
-
20.91 
37.76 
38.46 
56.24 
60.26 
21.45 
7.46 
0.00 
-
-
-
-
-
-
-
0.58 
1.10 
1.25 
3.40 
3.56 
2.15 
1.30 
0.70 
14.04 
-
-
-
-
-
-
-
1.64 
2.32 
3.60 
3.84 
1.24 
0.55 
13.19 
-
-
-
-
-
-
-
-
0.52 
1.18 
1.58 
2.75 
3.42 
1.65 
0.80 
0.00 
11.90 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
100.00 
85.12 
76.27 
70.00 
62.33 
54.84 
47.27 
40.00 
32.00 
25.56 
19.34 
15.30 
10.00 
5.16 
2.75 
100.00 
96.34 
92.26 
88.20 
82.00 
78.00 
72.40 
65.75 
60.86 
53.00 
48.00 
40.34 
35.24 
29.00 
21.56 
15.00 
9.05 
6.40 
14.88 
8.85 
6.27 
7.67 
7.49 
7.57 
7.27 
8.00 
6.44 
6.22 
4.04 
5.30 
4.84 
2.41 
2.75 
3.66 
4.08 
4.06 
6.20 
4.00 
5.60 
6.65 
4.89 
7.86 
5.00 
7.66 
5.10 
6.24 
7.44 
6.56 
5.95 
2.65 
6.40 
Neemarin (Azadirach; 
14.88 
10.40 
8.22 
10.96 
12.02 
13.80 
15.38 
20.00 
20.13 
24.33 
20.89 
34.64 
48.40 
46.71 
100.00 
100.00 
92.56 
80.70 
73.14 
66.17 
58.59 
51.06 
43.64 
36.00 
28.78 
22.45 
17.32 
12.65 
7.58 
3.96 
tin)(10ppm) 
694.57 
594.57 
502.01 
421.31 
348.18 
282.01 
223.43 
172.37 
128.74 
92.74 
63.96 
41.51 
24.19 
11.54 
3.96 
Control (distilled water) 
3.66 
4.24 
4.40 
7.03 
4.88 
7.18 
9.19 
7.44 
12.91 
9.43 
15.96 
12.64 
17.71 
25.66 
30.43 
39.67 
29.28 
100.00 
100.00 
98.17 
94.30 
90.23 
85.10 
80.00 
75.20 
69.08 
63.31 
56.93 
50.50 
44.17 
37.79 
32.12 
25.28 
18.28 
12.03 
7.73 
1040.20 
940.20 
842.03 
747.73 
657.50 
572.40 
492.40 
417.20 
348.13 
284.82 
227.89 
177.39 
133.22 
95.43 
63.31 
38.03 
19.75 
7.73 
6.95 
6.99 
6.58 
6.02 
5.59 
5.14 
4.73 
4.31 
4.02 
3.63 
3.31 
2.71 
2.42 
2.24 
1.44 
10.40 
9.76 
9.13 
8.48 
8.02 
7.34 
6.80 
6.35 
5.72 
5.37 
4.75 
4.40 
3.78 
3.29 
2.94 
2.54 
2.18 
1.21 
-
-
-
-
-
-
-
-
22.40 
30.16 
28.62 
54.47 
23.00 
6.55 
1.54 
-
-
-
-
-
-
-
- • 
161.28 
180.20 
254.40 
317.07 
187.48 
147.90 
70.50 
19.50 
5.07 
1.28 
-
-
-
-
-
-
-
-
0.70 
1.18 
1.48 
3.56 
2.30 
1.27 
0.56 
11.05 
-
-
-
-
-
-
-
2.65 
3.40 
5.30 
7.86 
5.32 
5.10 
3.27 
1.30 
0.56 
0.20 
34.96 
Table-14.2 : Fecundity and reproduction rate of L. erysimi on B.juncea 
var. Chapka-111 
Pivotal 
age 
(X) 
Nymphal 
6.5 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Dichlorvos (0.00025%) 
? 
survivorship 
(Ix) 
stage 0.5 - 5.5 
0.282 
0.236 
0.173 
0.134 
0.089 
0.058 
0.027 
Total = 
m. 
0.000 
1.860 
4.300 
10.200 
12.000 
8.500 
3.300 
40.160 
Reproductive 
rate 
(Ix-mx) 
0.000 
0.440 
0.745 
1.368 
1.063 
0.494 
0.090 
4.200 
Endosulfan (0.00011%) 
Nymphal stage 0.5-6.5 days 
7.5 0.341 
8.5 
9.5 
10.5 
11.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
0.260 
0.189 
0.131 
0.079 
Total = 
0.000 
2.300 
8.700 
6.360 
3.400 
20.760 
0.000 
0.597 
1.646 
0.836 
0.267 
3.346 
Cypermethrin (0.00013%) 
stage 0.5-6.5 days 
0.309 
0.231 
0.174 
0.130 
0.085 
0.070 
Total = 
0.000 
1.580 
4.680 
11.340 
10.000 
7.250 
34.850 
0.000 
0.365 
0.816 
1.474 
0.849 
0.511 
4.016 
Fenvalerate (0.00017%) 
stage 0.5-6.5 days 
0.267 
0.222 
0.179 
0.136 
0.093 
0.056 
0.031 
0.015 
Total = 
0.000 
1.100 
2.500 
10.200 
14.240 
10.750 
7.800 
4.900 
51.490 
0.000 
0.244 
0.449 
1.390 
1.328 
0.601 
0.243 
0.071 
4.327 
l^ m .^x 
0.000 
3.296 
6.334 
12.996 
11.164 
5.685 
1.127 
40.602 
0.000 
5.075 
15.633 
8.777 
3.074 
32.559 
0.000 
3.104 
7.748 
15.481 
9.768 
6.389 
42.490 
0.000 
2.078 
4.263 
14.594 
15.277 
7.516 
3.274 
1.033 
48.035 
Imidacloprid (0.00018%) 
Nymphal stage 0.5-6.5 days 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal stage 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal stage 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal stage 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
0.324 
0.242 
0.168 
0.118 
0.105 
0.043 
Total = 
0.000 
2.320 
7.200 
11.520 
4.960 
2.750 
28.750 
0.000 
0.560 
1.211 
1.363 
0.522 
0.118 
3.774 
Neem excel (Azadirachtin) (8.0 ppm) 
) 0.5-6.5 days 
0.249 
0.198 
0.151 
0.127 
0.109 
0.081 
0.058 
0.027 
Total = 
0.000 
1.180 
3.160 
8.250 
13.680 
8.250 
4.800 
0.000 
39.320 
0.000 
0.234 
0.477 
1.046 
1.494 
0.665 
0.278 
0.000 
4.193 
Neemarin (Azadirachtin) (10 ppm) 
: 0.5-7.5 days 
0.291 
0.232 
0.176 
0.139 
0.091 
0.047 
0.025 
Total = 
0.000 
1.180 
2.960 
10.680 
9.200 
6.350 
3.360 
33.730 
0.000 
0.274 
0.520 
1.484 
0.836 
0.298 
0.084 
3.495 
Control (distilled water) 
' 0.5 - 7.5 
0.191 
0.166 
0.151 
0.127 
0.111 
0.091 
0.068 
0.047 
0.028 
0.020 
Total = 
0.000 
3.400 
10.600 
23.580 
21.280 
25.500 
19.620 
9.100 
4.480 
1.800 
119.360 
0.000 
0.566 
1.598 
2.987 
2.355 
2.322 
1.328 
0.429 
0.127 
0.036 
11.748 
0.000 
4.762 
11.503 
14.307 
5.998 
1.478 
38.049 
0.000 
1.989 
4.529 
10.979 
17.180 
8.309 
3.747 
0.000 
46.733 
0.000 
2.602 
5.459 
17.066 
10.444 
4.017 
1.217 
40.805 
0.000 
5.376 
16.776 
34.351 
29.436 
31.350 
19.261 
6.644 
2.101 
0.633 
145.927 
Table-15.1 : Effect of insecticides on life table of Z,. erysimi on B.juncea var. Varuna 
X 
0 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Ix 
100.00 
67.08 
60.78 
52.75 
42.46 
35.35 
27.24 
21.36 
14.15 
10.20 
5.78 
2.50 
100.00 
67.45 
58.30 
51.00 
42.75 
36.60 
29.58 
24.92 
17.15 
14.00 
9.00 
3.36 
1.50 
100.00 
65.60 
57.55 
50.75 
41.64 
34.58 
28.35 
24.68 
18.34 
13.00 
9.00 
4.00 
dx 
32.92 
6.30 
8.03 
10.29 
7.11 
8.11 
5.88 
7.21 
3.95 
4.42 
3.28 
2.50 
32.55 
9.15 
7.30 
8.25 
6.15 
7.02 
4.66 
7.77 
3.15 
5.00 
5.64 
1.86 
1.50 
34.40 
8.05 
6.80 
9.11 
7.06 
6.23 
3.67 
6.34 
5.34 
4.00 
5.00 
4.00 
Dichlorvos (0.00025%) 
lOOq, 
32.92 
9.39 
13.21 
19.51 
16.75 
22.94 
21.59 
33.75 
27.92 
43.33 
56.75 
100.00 
Lx 
100.00 
83.54 
63.93 
56.77 
47.61 
38.91 
31.30 
24,30 
17.76 
12.18 
7.99 
4.14 
T 
^x 
488.40 
388.40 
304.86 
240.93 
184.17 
136,56 
97.66 
66.36 
42.06 
24.31 
12.13 
4.14 
Endosulfan (0.00011%) 
32.55 
13.57 
12.52 
16.18 
14.39 
19.18 
15.75 
31.18 
18.37 
35.71 
62,67 
55.36 
100.00 
100.00 
83.73 
62.88 
54.65 
46.88 
39.68 
33,09 
27.25 
21.04 
15,58 
11,50 
6.18 
2.43 
Cypermethrin 
34.40 
12.27 
11.82 
17.95 
16.95 
18.02 
12.95 
25.69 
29.12 
30.77 
55.56 
100.00 
100.00 
82.80 
61.58 
54.15 
46.20 
38.11 
31.47 
26.52 
21.51 
15,67 
11.00 
6,50 
504.86 
404.86 
321.14 
258.26 
203.61 
156.74 
117.06 
83.97 
56.72 
35.69 
20,11 
8,61 
2,43 
(0.00013%) 
495.49 
395.49 
312.69 
251.12 
196.97 
150.77 
112.66 
81.20 
54.68 
33.17 
17.50 
6.50 
Sx 
4.88 
5.79 
5,02 
4.57 
4.34 
3.86 
3,58 
3.11 
2.97 
2,38 
2,10 
1,66 
5.05 
6.00 
5.51 
5.06 
4.76 
4.28 
3.96 
3.37 
3.31 
2.55 
2.23 
2.56 
1.62 
4.95 
6.03 
5.43 
4.95 
4.73 
4.36 
3.97 
3.29 
2.98 
2,55 
1,94 
1.63 
Total 
offspring 
-
-
-
-
-
-
-
-
26.89 
28.05 
18.21 
3.00 
-
-
-
-
-
-
-
0.00 
15.44 
24.50 
22.05 
4.37 
1.05 
-
-
-
-
-
-
-
-
0.00 
16,90 
21.96 
7.20 
Offspring/9 
-
-
-
-
-
-
-
-
1.90 
2.75 
3.15 
1.20 
9.00 
-
-
-
-
-
-
-
0.00 
0.90 
1.75 
2.45 
1.30 
0.70 
7.10 
-
-
-
-
-
-
-
-
0.00 
1.30 
2.44 
1.80 
5.54 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
100.00 
78.00 
70.18 
62.20 
54.18 
48.10 
42.00 
32.00 
24.27 
18.00 
13.33 
8.66 
3.40 
1.70 
100.00 
66.60 
55.66 
49.40 
40.52 
33.16 
25.78 
20.92 
15.10 
13.00 
8.00 
4.50 
100.00 
80.55 
71.70 
64.64 
58.00 
50.05 
42.00 
34.00 
26.32 
20.46 
13.00 
8.58 
3.22 
1.40 
22.00 
7.82 
7.98 
8.02 
6.08 
6.10 
10.00 
7.73 
6.27 
4.67 
4.67 
5.26 
1.70 
1.70 
33.40 
10.94 
6.26 
8.88 
7.36 
7.38 
4.86 
5.82 
2.10 
5.00 
3.50 
4.50 
19.45 
8.85 
7.06 
6.64 
7.95 
8.05 
8.00 
7.68 
5.86 
7.46 
4.42 
5.36 
1.82 
1.40 
Fenvalerate (0.00017%) 
22.00 
10.03 
11.37 
12.89 
11.22 
12.68 
23.81 
24.16 
25.83 
25.94 
35.03 
60.74 
50.00 
100.00 
100.00 
89.00 
74.09 
66.19 
58.19 
51.14 
45.05 
37.00 
28.14 
21.14 
15.67 
11.00 
6.03 
2.55 
605.17 
505.17 
416.17 
342.08 
275.89 
217.70 
166.56 
121.51 
84.51 
56.38 
35.24 
19.58 
8.58 
2.55 
Imidacloprid (0.00018%) 
33.40 
16.43 
11.25 
17.98 
18.16 
22.26 
18.85 
27.82 
13.91 
38.46 
43.75 
100.00 
Neem exc( 
19.45 
10.99 
9.85 
10.27 
13.71 
16.08 
19.05 
22.59 
22.26 
36.46 
34.00 
62.47 
56.52 
100.00 
100.00 
83.30 
61.13 
52.53 
44.96 
36.84 
29.47 
23.35 
18.01 
14.05 
10.50 
6.25 
480.39 
380.39 
297.09 
235.96 
183.43 
138.47 
101.63 
72.16 
48.81 
30.80 
16.75 
6.25 
6.05 
6.48 
5.93 
5.50 
5.09 
4.53 
3.97 
3.80 
3.48 
3.13 
2.64 
2.26 
2.52 
1.50 
4.80 
5.71 
5.34 
4.78 
4.53 
4.18 
3.94 
3.45 
3.23 
2.37 
2.09 
1.39 
;! (Azadirachtin) (8.0 ppm) 
100.00 
90.28 
76.13 
68.17 
61.32 
54.03 
46.03 
38.00 
30.16 
23.39 
16.73 
10.79 
5.90 
2.31 
623.22 
523.22 
432.95 
356.82 
288.65 
227.33 
173.31 
127.28 
89.28 
59.12 
35.73 
19.00 
8.2! 
2.31 
6.23 
6.50 
6.04 
5.52 
4.98 
4.54 
4.13 
3.74 
3.39 
2.89 
2.75 
2.21 
2.55 
1.65 
-
-
-
-
-
-
-
-
-
15.30 
16.26 
24.07 
9.79 
1.28 
-
-
-
-
-
-
-
-
13.59 
34.45 
10.72 
2.70 
-
-
-
-
-
-
-
-
-
7.77 
20.15 
20.25 
4.67 
1.26 
-
-
-
-
-
-
-
-
-
0.85 
1.22 
2.78 
2.88 
0.75 
8.48 
-
-
-
-
-
-
-
-
0.90 
2.65 
1.34 
0.60 
5.49 
-
-
-
-
-
-
-
-
-
0.38 
1.55 
2.36 
1.45 
0.90 
6.64 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
100.00 
74.30 
66.10 
60.00 
53.64 
47.75 
40.00 
32.35 
27.50 
20.40 
14.30 
10.00 
8.00 
3.50 
100.00 
92.32 
86.15 
80.24 
73.75 
68.86 
62.32 
55.00 
48.00 
41.08 
38.32 
36.16 
30.00 
24.18 
18.24 
10.00 
4.00 
25.70 
8.20 
6.10 
6.36 
5.89 
7.75 
7.65 
4.85 
7.10 
6.10 
4.30 
2.00 
4.50 
3.50 
7.68 
6.17 
5.91 
6.49 
4.89 
6.54 
7.32 
7.00 
6.92 
2.76 
2.16 
6.16 
5.82 
5.94 
8.24 
6.00 
4.00 
Neemarin (Azadirachtin) (10 ppin) 
25.70 
11.04 
9.23 
10.60 
10.98 
16.23 
19.13 
14.99 
25.82 
29.90 
30.07 
20.00 
56.25 
100.00 
100.00 
87.15 
70.20 
63.05 
56.82 
50.70 
43.88 
36.18 
29.93 
23.95 
17.35 
12.15 
9.00 
5.75 
606.09 
506.09 
418.94 
348.74 
285.69 
228.87 
178.18 
134.30 
98.13 
68.20 
44.25 
26.90 
14.75 
5.75 
Control (distilled water) 
7.68 
6.68 
6.86 
8.09 
6.63 
9.50 
11.75 
12.73 
14.42 
6.72 
5.64 
17.04 
19.40 
24.57 
45.18 
60.00 
100.00 
100.00 
96.16 
89.24 
83.20 
77.00 
71.31 
65.59 
58.66 
51.50 
44.54 
39.70 
37.24 
33.08 
27.09 
21.21 
14.12 
7.00 
916.62 
816.62 
720.46 
631.23 
548.03 
471.04 
399.73 
334.14 
275.48 
223.98 
179.44 
139.74 
102.50 
69.42 
42.33 
21.12 
7.00 
6.06 
6.81 
6.34 
5.81 
5.33 
4.79 
4.45 
4.15 
3.57 
3.34 
3.09 
2.69 
1.84 
1.64 
9.17 
8,85 
8.36 
7.87 
7.43 
6.84 
6.41 
6.08 
5.74 
5.45 
4.68 
3.86 
3.42 
2.87 
2.32 
2.11 
1.75 
-
-
-
-
-
-
-
-
-
24.89 
27.89 
34.60 
18.72 
4.20 
-
-
-
-
-
-
-
-
-
112.97 
147.53 
258.54 
231.00 
153.30 
58.37 
21.60 
5.00 
-
-
-
-
-
-
-
-
-
1.22 
1.95 
3.46 
2.34 
1.20 
10.17 
-
-
-
-
-
-
-
-
-
2.75 
3.85 
7.15 
7.70 
6.34 
3.20 
2.16 
1.25 
34.40 
Table-]5.2 : Fecundity and reproduction rate of L. erysimi on B.juncea 
var. Varuna 
Pivotal 
age 
(X) 
Nymphal 
8.5 
9.5 
10.5 
11.5 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
Dichlorvos (0.00025%) 
? 
survivorship 
(Ix) 
m^ 
stage 0.5 - 7.5 days 
0.434 0.000 
0.313 
0.177 
0.077 
Total = 
2.750 
6.300 
3.600 
12.650 
Reproductive 
rate 
Gx-mx) 
0.000 
0.860 
1.116 
0.276 
2.251 
Endosulfan (0.00011%) 
stage 0.5-6.5 days 
0.356 
0.245 
0.200 
0.129 
0.048 
0.021 
Total = 
0.000 
0.900 
3.500 
7.350 
5.200 
3.500 
20.450 
0.000 
0.221 
0.701 
0.946 
0.250 
0.075 
2.192 
Cypermethrin (0.00013%) 
stage 0.5-7.5 days 
0.414 
0.293 
0.203 
0.090 
Total = 
0.000 
1.300 
4.880 
5.400 
11.580 
0.000 
0.381 
0.991 
0.487 
1.859 
Fenvalerate (0.00017%) 
Nymphal stage 0.5-8.5 days 
9.5 0.399 
10.5 
11.5 
12.5 
13.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
0.296 
0.192 
0.075 
0.038 
Total = 
0.000 
1.220 
5.560 
8,640 
3.000 
18.420 
0.000 
0.361 
1.068 
0.651 
0.113 
2.193 
Imidacloprid (0.00018%) 
stage 0.5-7.5 days 
0.372 
0.320 
0.197 
0.111 
Total = 
0.000 
2.650 
2.680 
1.800 
7.130 
0.000 
0.849 
0.528 
0.200 
1.576 
l^ m .^x 
0.000 
8.167 
11.718 
3.172 
25.308 
0.000 
1.876 
6.657 
9.932 
2.873 
0.938 
22.277 
0.000 
3.621 
10.401 
5.602 
19.624 
0.000 
3,787 
12.280 
8.144 
1.527 
25.738 
0.000 
8.061 
5.545 
2.294 
15.900 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
, • • 
Nymphal 
9.5 
10.5 
11.5 
12.5 
13.5 
Neem excel (Azadirachtin) (8.0 ppm) 
stage 0,5-8.5 
0.438 
0.279 
0.184 
0.069 
0.030 
Total = 
days 
0.000 
1.550 
4.720 
4.350 
3.600 
14.220 
0.000 
0.432 
0.868 
0.300 
0.108 
1.708 
Neemarin (Azadirachtin) (10 ppm) 
stage 0.5-8.5 
0.363 
0.254 
0.178 
0.142 
0.062 
Total = 
( 
days 
0.000 
1.950 
6.920 
7.020 
4.800 
20.690 
0.000 
0.496 
1.231 
0.999 
0.299 
3.026 
Control (distilled water) 
Nymphal stage 0.5 - 8.5 days 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
0.203 
0.190 
0.179 
0.149 
0.120 
0.090 
0.050 
0.020 
Total = 
0.000 
3.850 
14.300 
23.100 
25.360 
16.000 
12.960 
8.750 
104.320 
0.000 
0.730 
2.560 
3.431 
3.036 
1.445 
0.642 
0.173 
12.017 
0.000 
4.534 
9.981 
3.752 
1.458 
19.726 
0.000 
5.210 
14.160 
12.491 
4.036 
35.897 
0.000 
7.670 
29.441 
42.888 
40.986 
20.951 
9.946 
2.859 
154.740 
Table-16.1: Effect of insecticides on iife table of L. erysimi on B. juncea var. Pusa Jaikisan 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
-> 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Ix 
100.00 
81.30 
64.55 
52.64 
43.50 
37.75 
32.12 
24.75 
18.85 
13.30 
9.65 
6.40 
2.25 
100.00 
80.66 
71.52 
62.34 
55.56 
46.78 
39.40 
32.00 
28.36 
20.40 
11.58 
6.35 
2.00 
100.00 
79.46 
65.58 
58.10 
52.00 
46.34 
39.00 
33.78 
25.52 
18.16 
13.34 
dx 
18.70 
16.75 
11.91 
9.14 
5.75 
5.63 
7.37 
5.90 
5.55 
3.65 
3.25 
4.15 
2.25 
19.34 
9.14 
9.18 
6.78 
8.78 
7.38 
7.40 
3.64 
7.96 
8.82 
5.23 
4.35 
2.00 
20.54 
13.88 
7.48 
6.10 
5.66 
7.34 
5.22 
8.26 
7.36 
4.82 
5.10 
lOOq, 
18.70 
20.60 
18.45 
17.36 
13.22 
14.91 
22.95 
23.84 
29.44 
27.44 
33.68 
64.84 
100.00 
19.34 
11.33 
12.84 
10.88 
15.80 
15.78 
18.78 
11.38 
28.07 
43.24 
45.16 
68.50 
100.00 
Dichlorvos 
Lx 
100.00 
90.65 
72.93 
58.60 
48.07 
40.63 
34.94 
28.44 
21.80 
16.08 
11,48 
8.03 
4.33 
Endosulfan 
100.00 
90.33 
76.09 
66.93 
58.95 
51.17 
43.09 
35.70 
30.18 
24.38 
15.99 
8,97 
4.18 
(0.00025%) 
T 
' X 
535.94 
435.94 
345.29 
272.36 
213.77 
165.70 
125.07 
90.14 
61.70 
39.90 
23.83 
12.35 
4,33 
(0.00011%) 
605.95 
505.95 
415.62 
339.53 
272.60 
213.65 
162.48 
119,39 
83.69 
53.51 
29.13 
13.14 
4.18 
Cx 
5.36 
5.36 
5.35 
5.17 
4.91 
4.39 
3.89 
3.64 
3.27 
3,00 
2,47 
1,93 
1,92 
6.06 
6.27 
5,81 
5,45 
4.91 
4.57 
4.12 
3.73 
2.95 
2,62 
2,52 
2.07 
2,09 
Cypentiethrin (0.00013%) 
20.54 
17.47 
11.41 
10.50 
10.88 
15.84 
13.38 
24.45 
28.84 
26.54 
38.23 
100.00 
89.73 
72.52 
61.84 
55.05 
49.17 
42.67 
36.39 
29,65 
21,84 
15.75 
596.40 
496.40 
406.67 
334.15 
272.31 
217.26 
168.09 
125,42 
89.03 
59.38 
37.54 
5.96 
6.25 
6.20 
5.75 
5.24 
4.69 
4.31 
3.71 
3.49 
3.27 
2,81 
Total 
offspring 
-
-
-
-
-
-
-
35,89 
33.93 
38.57 
30.30 
7.36 
1.35 
-
-
-
-
-
-
-
-
38.57 
49,98 
44,00 
9,21 
1.20 
-
-
-
-
-
-
-
-
21.69 
30.87 
31.48 
Offspring/9 
-
-
-
-
-
-
-
1.45 
1.80 
2.90 
3.14 
1.15 
0.60 
11.04 
-
-
-
-
-
-
-
-
1.36 
2.45 
3.80 
1.45 
0.60 
9.66 
-
-
-
-
-
-
-
-
0.85 
1.70 
2.36 
11 
12 
13 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
0 
1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
6 
8.24 
5.00 
3.75 
100.00 
85.24 
76.75 
70.86 
63.92 
56.15 
50.34 
44.16 
36.32 
30.40 
25.00 
19.00 
13.32 
9.15 
4.40 
2.00 
100.00 
75.20 
68.25 
60.00 
52.00 
46.40 
39.75 
32.30 
26.86 
19.20 
14.00 
10.00 
7.55 
4.00 
2.25 
100.00 
89.30 
82.25 
76.40 
69.34 
63.26 
58.84 
3.24 
1.25 
3.75 
14.76 
8.49 
5.89 
6.94 
7.77 
5.81 
6.18 
7.84 
5.92 
5.40 
6.00 
5.68 
4.17 
4.75 
2.40 
2.00 
24.80 
6.95 
8.25 
8.00 
5.60 
6.65 
7.45 
5.44 
7.66 
5.20 
4.00 
2.45 
3.55 
1.75 
2.25 
10.70 
7.05 
5.85 
7.06 
6.08 
4.42 
6.52 
39.32 
25.00 
100.00 
14.76 
9.96 
7.67 
9.79 
12.16 
10.35 
12.28 
17.75 
16.30 
17.76 
24.00 
29.89 
31.31 
51.91 
54.55 
100.00 
1 
24.80 
9.24 
12.09 
13.33 
10.77 
14.33 
18.74 
16.84 
28.52 
27.08 
28.57 
24.50 
47.02 
43.75 
100.00 
10.79 
6.62 
4.38 
21.79 
11.00 
4.38 
Fenvalerate (0.00017%) 
100.00 
92.62 
81.00 
73.81 
67.39 
60.04 
53.25 
47.25 
40.24 
33.36 
27.70 
22.00 
16.16 
11.24 
6.78 
3.20 
midaclopr: 
100.00 
87.60 
71.73 
64.13 
56.00 
49.20 
43.08 
36.03 
29.58 
23.03 
16.60 
12.00 
8.78 
5.78 
3.13 
736.01 
636.01 
543.39 
462.40 
388.59 
321.20 
261.17 
207.92 
160.67 
120.43 
87.07 
59.37 
37.37 
21.21 
9.98 
3.20 
2.64 
2.20 
1.17 
1 
7.36 
7.46 
7.08 
6.53 
6.08 
5.72 
5.19 
4.71 
4.42 
3.96 
3.48 
3.12 
2.81 
2.32 
2.27 
1.60 
id (0,00018%) 
606.64 
506.64 
419.04 
347.31 
283.19 
227.19 
177.99 
134.91 
98.89 
69.31 
46.28 
29.68 
17.68 
8.90 
3.13 
Neem excel (Azadirachtin) (8.1 
10.70 
7.89 
7.11 
9.24 
8.77 
6.99 
11.08 
100.00 
94.65 
85.78 
79.33 
72.87 
66.30 
61.05 
839.74 
739.74 
645.09 
559.32 
479.99 
407.12 
340.82 
6.07 
6.74 
6.14 
5.79 
5.45 
4.90 
4.48 
4.18 
3.68 
3.61 
J . J 1 
2.97 
2.34 
2.23 
1.39 
3 ppm) 
8.40 
8.28 
7.84 
7.32 
6.92 
6.44 
5.79 
34.61 
10.75 
2.25 
-
-
-
-
-
-
-
-
48.67 
44.38 
58.75 
69.35 
55.28 
19.22 
6.60 
1.36 
-
-
-
-
-
-
-
14.54 
30.08 
35.33 
48.44 
47.80 
17.37 
4.64 
0.90 
-
-
-
-
-
-
-
4.20 
2.15 
0.60 
11.86 
-
-
-
-
-
-
-
-
1.34 
1.46 
2.35 
3.65 
4.15 
2.10 
1.50 
0.68 
17.23 
-
-
-
-
-
-
-
0.45 
1.12 
1.84 
3.46 
4.78 
2.30 
1.16 
0.40 
15.51 
-
-
-
-
-
-
-
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
52.32 
49.40 
42.00 
36.00 
29.56 
22.15 
15.27 
7.30 
100.00 
86.75 
80.50 
72.00 
67.00 
59.34 
52.00 
45.56 
38.35 
30.27 
21.84 
16.16 
10.00 
6.00 
2.50 
100.00 
95.65 
90.50 
87.00 
83.34 
77.00 
70.25 
63.27 
58.00 
52.32 
46.46 
40.58 
33.34 
25.68 
20.20 
14.00 
10.00 
3.80 
2.92 
7.40 
6.00 
6.44 
7.41 
6.88 
7.97 
7.30 
13.25 
6.25 
8.50 
5.00 
7.66 
7.34 
6.44 
7.21 
8.08 
8.43 
5.68 
6.16 
4.00 
3.50 
2.50 
4.35 
5.15 
3.50 
3.66 
6.34 
6.75 
6.98 
5.27 
5.68 
5.86 
5.88 
7.24 
7.66 
5.48 
6.20 
4.00 
6.20 
3.80 
5.58 
14.98 
14.29 
17.89 
25.07 
31.06 
52.19 
100.00 
55.58 
50.86 
45.70 
39.00 
32.78 
25.86 
18.71 
11.29 
279.77 
224.19 
173.33 
127.63 
88.63 
55.85 
30.00 
11.29 
Neemarin (Azadirachtin) (10 
13.25 
7.20 
10.56 
6.94 
11.43 
12.37 
12.38 
15.83 
21.07 
27.85 
26.01 
38.12 
40.00 
58.33 
100.00 
1 
4.35 
5.38 
3.87 
4.21 
7.61 
8.77 
9.94 
8.33 
9.79 
11.20 
12.66 
17.84 
22.98 
21.34 
30.69 
28.57 
62.00 
100.00 
100.00 
93.38 
83.63 
76.25 
69.50 
63.17 
55.67 
48.78 
41.96 
34.31 
26.06 
19.00 
13.08 
8.00 
4.25 
737.02 
637.02 
543.65 
460.02 
383.77 
314.27 
251.10 
195.43 
146.65 
104.70 
70.39 
44.33 
25.33 
12.25 
4.25 
Control (distilled water] 
100.00 
97.83 
93.08 
88.75 
85.17 
80.17 
73.63 
66.76 
60.64 
55.16 
49.39 
43.52 
36.96 
29.51 
22.94 
17.10 
12,00 
6.90 
1019.49 
919.49 
821.67 
728.59 
639.84 
554.67 
474.50 
400.88 
334.12 
273.48 
218.32 
168.93 
125.41 
88.45 
58.94 
36.00 
18.90 
6.90 
5.35 
4.54 
4.13 
3.55 
3.00 
2.52 
1.96 
1.55 
ppm) 
7.37 
7.34 
6.75 
6.39 
5.73 
5.30 
4.83 
4.29 
3.82 
3.46 
3.22 
2.74 
2.53 
2.04 
1.70 
1 
10,19 
9.61 
9.08 
8.37 
7.68 
7.20 
6.75 
6.34 
5.76 
5.23 
4.70 
4.16 
3.76 
3.44 
2,92 
2.57 
1.89 
1.82 
-
37.05 
52.08 
75.60 
84.54 
78.85 
19.39 
4.38 
-
-
-
-
-
-
-
-
10.35 
25.73 
53.73 
56.56 
12.60 
4.80 
0.88 
-
-
-
-
-
-
-
-
-
-
124.51 
154.20 
182.04 
201.59 
180.18 
88.48 
31.50 
4.56 
-
0.75 
1.24 
2.10 
2.86 
3.56 
1.27 
0.60 
12.38 
-
-
-
-
-
-
-
-
0.27 
0.85 
2.46 
3.50 
1.26 
0.80 
0.35 
9.49 
-
-
-
-
-
-
-
-
-
-
2.68 
3.80 
5.46 
7.85 
8.92 
6.32 
3.15 
1.20 
39.38 
Table-16.2 : Fecundity and reproduction rate ofL erysimi on B.juncea 
var.Pusa Jaikisan 
Pivotal 
age 
(X) 
Nymphal 
7.5 
8.5 
9.5 
10.5 
11.5 
12.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
Dichlorvos (0.00025%) 
? 
survivorsh: 
(U 
ip Vi\ 
stage 0.5 - 6.5 days 
0.329 
0.251 
0.177 
0.128 
0.085 
0.030 
Total = 
0.000 
1.800 
5.800 
9.420 
4.600 
3.000 
24.620 
Reproductive 
rate 
(Ix-mx) 
0.000 
0.451 
1.026 
1.209 
0.391 
0.090 
3.167 
Endosulfan (0.00011%) 
stage 0.5-7.5 
0.413 
0.297 
0.169 
0.092 
0.029 
Total = 
days 
0.000 
2.450 
7.600 
4.350 
2.400 
16.800 
0.000 
0.728 
1.281 
0.402 
0.070 
2.481 
Cypermethrin (0.00013%) 
Nymphal stage 0,5-7.5 days 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
Nymphal 
7.5 
8.5 
0.345 
0.245 
0.180 
0.111 
0.068 
0.051 
Total = 
0.000 
1.700 
4.720 
12.600 
8.600 
3.000 
30.620 
0.000 
0.417 
0.851 
1.403 
0.581 
0.152 
3.404 
Fenvalerate (0.00017%) 
stage 0.5-7.5 
0.260 
0.218 
0.179 
0.136 
0.095 
0.066 
0.032 
0.014 
Total = 
days 
0.000 
1.460 
4.700 
10.950 
16.600 
10.500 
9.000 
4.760 
57.970 
0.000 
0.318 
0.842 
1.490 
1.584 
0.688 
0.284 
0.068 
5.274 
Imidacloprid (0.00018%) 
stage 0.5-6.5 days 
0.278 
0.231 
0.000 
1.120 
0.000 
0.259 
l,m,.x 
0.000 
3,835 
9,745 
12.693 
4.502 
1.122 
31.897 
0.000 
6.912 
13.453 
4.625 
0.873 
25.863 
0.000 
3.963 
8.933 
16.133 
7.263 
2.052 
38.343 
0.000 
2.703 
7.997 
15.650 
18.216 
8.603 
3.830 
0,989 
57.987 
0.000 
2.201 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal 
8.5 
9.5 
10.5 
11.5 
12.5 
13.5 
14.5 
Nymphal 
10.5 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
0.165 3.680 
0.121 10.380 
0.086 19.120 
0.065 11.500 
0.034 6.960 
0.019 2.800 
Total = 55.560 
Neem excel (Azadiracht: 
stage 0.5-7.5 days 
0.245 0.000 
0.208 1.240 
0.179 4.200 
0.147 8.580 
0.110 14.240 
0.076 6.350 
0.036 3.600 
Total = 38.210 
0.608 
1.251 
1.646 
0.747 
0.240 
0.054 
4.806 
in) (8.0 ppm) 
0.000 
0.258 
0.750 
1.258 
1.564 
0.481 
0.130 
4.441 
Neemarin (Azadirachtin) (10 ppm) 
stage 0.5-7.5 days 
0.307 0.000 
0.242 0.850 
0.175 4.920 
0.129 10.500 
0.080 5.040 
0.048 4.000 
0.020 2.100 
Total = 27.410 
Control (distilled • 
stage 0.5 - 9.5 days 
0.239 0.000 
0.209 3.800 
0.172 10.920 
0.132 23.550 
0.104 35.680 
0.072 31.600 
0.052 18.900 
0.020 8.400 
Total = 132.850 
0.000 
0.206 
0.859 
1.356 
0.403 
0.192 
0.042 
3.057 
water) 
0.000 
0.795 
1.876 
3.116 
3.714 
2.280 
0.974 
0.164 
12.919 
5.779 
13.136 
18.929 
9.343 
3.236 
0.786 
53.410 
0.000 
2.195 
7.122 
13.204 
17.985 
6.010 
1.759 
48.276 
0.000 
1.748 
8.159 
14.239 
4.632 
2.398 
0.566 
31.742 
0.000 
9.138 
23.451 
42.071 
53.853 
35.335 
16.070 
2.878 
182.797 
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Fig. 6 - Effect of insecticides on offspring/? and intrinsic rate of 
increase (r^) of L. erysimi on B.juncea 
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Experiment No, 4 - Effect of sowing dates on the infestation of mustard aphid, L. 
erysimi (Kalt.) on Indian mustard, B.juncea: 
Effect of sowing dates on the management of L. erysimi on B. juncea was 
studied under the agro climatic conditions to get a critical density so that possible pest 
population may be maintained below economic injury level through timing of sowing 
of B. juncea because indiscriminate use of insecticides has caused a number of ill 
effects on human beings and his environment as well as on non target organisms. 
Infestation of aphids is usually occurred in 2"*^  week of December depending on 
weather conditions that multiply to form small colonies which expanded rapidly 
causing enormous losses to Indian mustard crops. 
Results of early (lO"' October), mid (lO"' November) and late (lO"" December) 
sown crops of Indian mustard varieties which showed that aphids appeared at an 
average temperature of 17.00°, 17.70° and 17.83°C with average relative humidity of 
68.80, 62.50 and 85.05%, respectively m 2005-06 and 22.13°, 15.30° and 19.13°C 
with average relative humidity of 62.70, 69.80 and 64.35% at 70 and 60 DAS, 
respectively in 2006-07. Then, population increases gradually and reached to a peak at 
120, 90 and 60 DAS in early, mid and late sown crops, respectively in both cropping 
seasons (Table-18.5). Thereafter, many fold decrease was monitored on 120 DAS (1^' 
week of February) early sown 100-120 DAS (4"' week of Februaiy to l" week of 
March) on mid sown and 70-80 DAS (mid February to 4"^  week of February) on late 
sown crops in 2005-06 and 2006-07 respectively and disappeared with the onset of 
summer season. 
Infestation on B. juncea varieties is significantly/equally differed on early, mid 
and late sown crops in 2005-06 and 2006-07. Highest population i.e. 368.88 and 
354.82 aphids/10 cm twig was monitored on Chapka-111 on early sown crop at 120 
DAS while, 382.27 and 368.66 on mid sown at 90 DAS and 378.56 and 366.15 
aphids/10 cm twig was recorded on late sown at 60 DAS on Chapka-111, respectively 
in 2005-06 and 2006-07 (Table-18.1, 18.2). While smallest population was recorded 
on Pusa Bold in early, mid and late sown cropping seasons at a maximum, minimum 
and average temperature of 25.20°, 19.20° and 22.20°C, respectively in 2005-06 and 
20.95°, 16.40° and 18.68°C, respectively in 2006-07 at 120 DAS on early sown 
however, 20.45°, 17.05° and 18.75°C, respectively in 2005-06 and 21.45°, 16.80° and 
19.13°C, respectively at 90 DAS on mid sown and 19.00°, 16.65°, 17.83°C, 
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respectively in 2005-06 and 21.45°, 16.80° and 19.13°C, respectively at 60 DAS in 
late sown crop in 2006-07. The average relative humidity in early, mid and late sown 
crop was found to be 69.25 and 64.75, 82.05 and 64.35 and 85.05 and 64.35% at 120, 
90 and 60 DAS, respectively on both cropping seasons (Table-18.5). Further decrease 
in population of L. erysimi was observed with increase in environmental maximum, 
minimum and average temperature, average relative humidity and rainfall as well as 
maturity of crops. 
Both C. septempiinctata and D. rapae were appeared with aphids at mid and 
late sown crops in both cropping seasons at 100 and 70 DAS, respectively in the 2"** 
week of February of 2005-06 and 2006-07. However, population of Coccinella and 
Diaeretiella was also increased with increase of temperature (Table-18.1, 18.2, 18.3, 
18.4 and 18.5). Population of Coccinella ranged from 2.44 to 4.08 / plant in 2005-06 
and 2.14 to 4.16 in 2006-07 on mid sown crop and D. rapae ranged from 0.75 to 2.34 
and 0.68 to 2.33 individuals/plant, respectively in both cropping seasons. Mummified 
aphid of D. rapae ranged from 0.78 to 3.92 and 0.81 to 3.84 on Kundan variety on late 
sown crop on both cropping seasons, respectively. Decrease in population of aphid at 
100 DAS may presumably be due to Coccinella and Diaeretiella which have at least 
played a significant role in lowering down the population of L. erysimi on B. juncea. 
Temperature is also increasing day by day and further aggravated by the approach of 
summer season. 
Performance of B. juncea in relation to level of infestation is significantly/non 
significantly/equally differed at early sown crop in 2005-06 and 2006-07. Mean L. 
erysimi population was recorded highest (108.91) on Chapka-111 while smallest 
(62.14 aphids/10 cm twig) on Pusa Bold in 2005-06 (Table-18.3). Coccinella and 
mummified aphids did not appear at an early sown crop on both cropping seasons. In 
2006-07, mean L. erysimi population varied but preferred plant was Chapka-1 Hand 
the smallest mean population i.e. 56.67 aphids/10 cm twig/plant on Pusa Bold (Table-
18.3, Fig.-7.1). 
On mid sown crop, the highest mean population of L. erysimi was observed as 
149.77 and 142.92 aphids/10 cm of twig on Chapka-111 and smallest i.e. 89.97 and 
84.02 on Pusa Bold on both cropping seasons of 2005-06 and 2006-07, respectively 
(Table-18.3). The average population of Coccinella was highest i.e. 1.53 on Pusa Bold 
and smallest i.e. 0.93 on Varuna in 2005-06. While, 1.65 on Pusa Bold and 1.00 on 
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Varuna and Swama in 2006-07. Parasitization rate of D. rapae was highest and lowest 
i.e. 0.68, 0.74 and 0.39, 0.43% on Kranti and Swarna, respectively in both cropping 
seasons (Table-18.3, Fig.-7.2). 
Late sown of B.Juncea showed that mean population of L. erysimi was highest 
and lowest on Varuna and Pusa Bold i.e. 107.00, 101.73 and 66.39, 61.78 aphid/10 cm 
twig/plant, respectively on both cropping seasons. Density of Coccinella was highest 
i.e. 10.33, 4.55 and 6.04, 3.30% on Pusa Bold, RS-30, RH-30, respectively and 
smallest on PBM-16 and Varuna in both cropping seasons. Mummified aphids were 
recorded highest i.e. 4.95 and 2.56 on Pusa Bold and the lowest i.e. 3.50 and 1.93%o on 
Varuna and Swarna, respectively in both cropping years (Table-18.3, Fig.-7.3). 
Seed yield was significantly / non-significantly different in both cropping 
seasons of Indian mustard. Highest yield was obtained on early, mid and late sown 
crop of Pusa Bold in both cropping seasons. Although variation in yield Vv'as not-
significant. Performance of mid sown crop of Pusa Bold was comparatively better as it 
gave a yield of 12.36 and 12.44 q/ha in both cropping seasons vv'hen compared with 
early and late sown crop of Pusa Jaikisan and other Indian mustard. Mean L. erysimi 
population was also less on mid sown crop of Pusa Bold as compared to early and late 
sown as well as population of Coccinella and mummified aphids were greater on Pusa 
Bold on mid sown crop than other varieties of B.juncea and sowing time. 
In early sown mustard crop, maximum, minimum and average temperature is 
significanty (P<0.05, P<0.01) enhanced the infestation of L. erysimi and average 
relative humidity caused a negafive (non significant) effect on infestation. Scanty rain 
fall during the 2"'' week of December and 1^ ' week of February has significantly / non-
significantly enhanced the infestafion of L erysimi and coefficient of determination 
was in the range of 57-65%. 
Mid sown crop of B.juncea in 2005-06 was cultivated from lO"^  of November, 
where maximum temperature caused a reducfion (non-significant) and minimum 
temperature positively induced (non-significant) the infestation of L. erysimi. 
However, average temperature is negatively/positively (non-significant) affected / 
enhanced the infestation. Scanty rain fall during the month of 4 week of January to 
f week of April posifively (non-significant) correlated with the infestation of L 
erysimi. Coefficient of determinafion ranged between 4.0 to 9.6% which is very week 
with environmental condition. 
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Late sown crop (10'*^  December, 2005) showed that maximum, minimum and 
average temperature caused a significantly (P<0.05, P<0.01) negative effect on the 
infestation of L. erysimi while, average relative humidity significantly (P<0.05, 
P<0.01) increased the rate of infestation. Rain fall during the abovementioned months 
from December to T' week of April showed positively significant (/'<0.05) correlation 
with the infestation of L. erysimi. 
During another cropping season of 2006-07 where early sown crop was 
cultivated from lO"' October to T' week of February (Table-18.5). Maximum 
temperature during the abovementioned period showed a positive / negative (non-
significant) correlation with infestation (Table-18.4). While, minimum and average 
temperature caused a negative effect (non-significant). Scanty rain fall during the 
mentioned period increased the density significantly (f<0.05) and R^  showed a 
negligible impact on the infestation (Table-18.4 and 18.5). 
Mid sown crop is cultivated from lO"^  November to l" week of April where 
maximum, minimum and average temperature and average relative humidity caused a 
negative effect (non-significant) on the infestation. Scanty rains showed a positive 
(significant) correlation with infestation and R" was found to be very small/negligible 
(Table-18.4 and 18.5). 
Maximum and average temperature affected significantly (/'<0.05, P<0.01) on 
infestation on late sown (10'*^  December to 1^ ' week of April) mustard crop. While 
minimum temperature also negatively (non-significant) affected the population of I . 
erysimi. However, average relative humidity is favourable (non-significant) for the 
perpetuation of L. erysimi. Scanty rain fall during the abovementioned period is 
helpful for the infestation of Z. erysimi. 
Finally, it is concluded that mid sown crop is suitable to grown in this area of 
Aligarh because of low infestation of aphids and higher density of Coccinella and D. 
rapae out of that Pusa Bold was found to be an appropriate variety of Indian mustard 
to grow that can resist the infestation of I . erysimi. Present studies also showed that 
population of aphids' varied significantly (P<0.05) at different time of sowing on 
different varieties at different stage of crop growth. Intensity of population was high 
on Chapka-111 followed by Swama, Pusa Jaikisan, PBM-16, Naveen and Rohini, 
whereas medium on T-50, Kundan, Lakshaini and KM-2 and the lowest on Pusa Bold 
on mid and late sown crop. 
XT: 
Population dynamics of mustard aphid, L. erysimi in relation to weather 
conditions has been considered as one of the most important factor in formulation of 
management schedule on Brassica crops (Singh and Malik, 1998, Biswas and Das, 
2000). Weather conditions and dates of sowing caused a significant reduction on 
incidence of mustard aphid, L erysimi. It is also indicated that maximum and 
minimum temperature and relative humidity played a significant role in the infestation 
of aphids (Verma et al, 1993, Karmakar, 2003, Takar and Jat, 2005). A significant 
relation has been obtained between the severity of aphid population and weather 
conditions in different climatic zones of India by several workers (Lai et al, 1998, 
Manzar et al, 1998, Kumar et al, 2000). 
Generally, peak period of I. erysimi is found in January and February (Biswas 
and Das, 2000, Khan and Begum, 2005, Ansari et al, 2007) but also in mid February 
when the crop is 108 days old (Singh and Malik, 1998, Singh and Singh, 2000) while 
at 120, 90 and 60 DAS in early, mid and late sown crop, respectively on different 
Indian mustard varieties in the present studies in both (2005-06 and 2006-07) cropping 
season. However, Singh et al (2000) found it on 94 days old crop and Mar et al 
(2000) recorded the peak of i . erysimi on 66 days old crop. 
In the present findings the aphids disappeared after 110-120 DAS on the first 
week of February on early sown, on second week of March on mid sown and first and 
second week of April in both cropping years because it coincides with the maturation 
of crops and onset of summer season. Identical reports were obtained by several 
workers (Singh and Malik, 1998, Singh er al, 2000, Ansari et al, 2007). It was further 
explained that maturity of crop has created net deficit in water contents in plants 
tissues leading to food scarcity (Singh and Singh, 1994, Singh and Singh, 2000). 
Moreover, increased population of pest per unit area, accompanied with reduction in 
food caused intraspecific competition leading to reduced fecundity, increased 
mortality and alate formation in aphid colonies. 
Coccinella and Diaeretiella did not appear at an early stage of mustard crop in 
both cropping seasons because temperature, relative humidity and rainfall was not 
favourable for thier multiplication. While, both of them appeared at 100 DAS on 15 
February on mid sown crop and at 70 DAS on 15'*^  February on late sown crop in both 
cropping seasons and increased to more than 3.0 individuals/plant and then 
disappeared along with aphids in the first week of March to first week of April, 2005-
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06 and 2006-07. Almost same results were obtained by several workers (Singh and 
Singh, 2000, Mar et al., 2000, Karmakar, 2003, Ansari et al., 2007). Appearance of C. 
septempunctata and D. rapae in the later half of February may play an important role 
in decreasing pest population (Kumar et al., 2000) but it was too late that it could not 
fetch potential importance as the harm to the crop had already been done (Hodek, 
1967). Contrary to that the bioagents did not play a significant role in the natural 
control of aphid population (Bakhetia and Sekhon, 1989, Singh and Singh, 2000). 
Peak period of aphid in relation to temperature, relative humidity and rainfall 
varies from one agro-climatic zone to another. In the present study the peak was 
obtained at a temperature ranged between 16.67 to 22.28°C with average relative 
humidity from 64.00 to 86.00% and scanty rainfall in 2"*^  week of February. However, 
Mar et al. (2000) found it at temperature between 11.42° to 25.24°C, relative humidity 
at 84.10% in the morning and 57.57% in the evening and wind velocity below 3.0 
km/h. Moreover, maximum infestation was found at 17° to 18°C with relative 
humidity between 61-83%) (Srivastava and Srivastava, 1972) and at 11° to 14°C and 
relative humidity of 60-80% (Lai etal., 1977). 
Infestation of L. erysimi on Indian mustard varieties is significantly/non-
significantly governed by the temperature and significantly/non-significantly negative 
by average relative humidity. However, several workers have showed its dependence 
on temperature and relative humidity. (Sinha et al., 1989, Singh and Malik, 1998, 
Kumar et ah, 2000). Contrary results have also been found by Chandra and Kushwaha 
(1986) that temperature had a negative effect whereas relative humidity is positively 
correlated with the abundance of aphids. Devi et al. (1995) suggested that due to 
increase in mean relative humidity during third weak of February favoured the 
multiplication of mustard aphid, L. erysimi. Moreover, Singh and Singh (1994) 
concluded that abiotic factors shares 77.69% impact on aphid population. 
Therefore, it may finally be concluded that mid sown crop of Pusa Bold, B. 
juncea may differed significantly in the rate of infestation and gave higher yield as 
compared to other Indian mustard varietiess. 
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crop of B. juncea 
Experiment No. 5 - Effect of intercropping on the management of mustard aphid, 
L. eiysimi (Kalt.) on Indian mustard, B.juncea: 
Synthetic insecticides have caused the problem of insecticide resistance and 
resurgence as well as environmental pollution and adversely affected the beneficial 
organisms. Therefore, it is desired to explore an alternative non insecticidal method of 
pest management to minimize the damage. Intercropping is one of the most widely 
used farming technique where two or more crops are planted simultaneously on the 
same piece of land and is considered inter or mixed cropping and it offers a viable 
measure for reducing the predominance of insect pest species in the field (Tingey and 
Lamont, 1988, Goel and Tiwari, 2004) as well as higher density of predators and 
parasites (Tanwar, 2004, Kumari and Yadav, 2005). Incidence of mustard aphid, L. 
eiysimi varied significantly on different stages of crop growth as well as mustard 
based cropping system (Ali and Ansari, 2008). Intercropping/mix cropping of mustard 
with a variety of crops like sugarcane, potato, wheat, pea, berseem, coriander, fennel 
and chickpea is a common practice in Uttar Pradesh, India (Singh and Singh, 2000, 
Ali and Ansari, 2008). 
Therefore, the present studies showed that intercrops have significantly 
(P<0.05) affected the infestation of Z. erysimi on B. juncea and also found variations 
(P<0.05) in two cropping seasons of 2005-06 and 2006-07 (Table-19.1, 19.2 and 
19.3). 9:1 ratio of intercrop is significantly/non-significantly less effective as 
compared to 7:3 ratios. Fennel intercrop holds lower {P<0.05) aphid population on B. 
juncea as compared to other intercrops. The level of infestation on different rows also 
varies significantly (/'<0.05) in different cropping system. The initial infestation 
occurred on sole crop at 55 DAS (P<0.05) but increased significantly (P<0.05) on 
mustard + radish at 65 DAS and the lowest was on mustard + fennel. However, initial 
infestation on the intercrop was occurred at 85 and 95 DAS but increased on fennel 
and the lowest was on radish in 2005-06 and 2006-07. 
7:3 intercropping system is significantly (P<0.05) more effective than 9:1 and 
8:2 ratio of sole and intercrops. 9:1 ratio of mustard and intercrops showed that 
population of L. erysimi v/as highest on Pusa Jaikisan intercropped with radish and 
lowest on Pusa Jaikisan + fennel cropping system in both years. However, 8:2 
cropping system holds maximum infestation on Chapka-111 with radish in both 
cropping season as compared to Indian mustard (alone) while lowest recorded on Pusa 
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Bold + fennel system in both cropping seasons. In the experiment conducted with 9:1 
ratio of sole and intercrop where highest infestation occurred on Pusa Jaikisan with 
radish intercrop (Table-19.1 and 19.2). 
Population of I . erysimi increases from 55 to 85 DAS and then decreases up to 
harvesting of crop in both years. Fennel was most effective as an intercrop than other 
plants tested. Although, garlic, coriander, chickpea were found to be the most 
effective intercrops than that of wheat. Garlic, coriander and chickpea which were not 
significantly differed but equally effective in reducing the infestation of I . erysimi in 
relation to 9:1, 8:2 and 7:3 ratios in both years of study (Table-19.1, 19.2 and 19.3). 
Effect of radish and wheat intercrops was not significantly different and harbored 
almost equal number of Z,. erysimi population in various combinations of ratio of lines 
m 2005-06 and 2006-07. 
Yield performance and cost benefit ratio of Indian mustard varieties and 
intercrops was recorded in both years. Yield of mustard was significantly (P<0.05) 
differed in different intercropping system and not significantly differed in wheat, 
chickpea and radish and significantly (/'<0.05) differed in relation to lines of intercrop 
as well as mustard in both cropping seasons as compared to Indian mustard (alone). 
Highest yield was obtained on Pusa Bold with fennel intercrop i.e. 11.65 and 11.78 
q/ha in both cropping seasons respectively (Table-19.4 and 19.5) followed by garlic, 
coriander, radish and chickpea. Yield was lowest on mustard + wheat cropping system 
during both seasons of study. Lowest yield ranged between 7.90-8.15 q/ha that was 
obtained in monoculture (Indian mustard variety). 
Maximum benefit in ternis of rupees was recorded i.e. Rs. 7969.00 and 8159.00 
on Pusa Bold with fennel intercrop as compared to other cropping system during both 
years. Garlic and coriander intercrops offer a greater additional return as compared to 
radish, chickpea and wheat intercrops in both years of study (Table-19.4 and 19.5). 
Intercrops have significantly (P<0.05) affected the infestation of L. eyrsimi during 
both cropping seasons. Fennel intercrop was found to be considerably more effective 
against L erysimi than that of the intercrops tested, where the yield and net return was 
significantly greater than the Indian mustard varieties (alone) as well as other 
intercrops. Since the yield increase in mustard + fennel intercrop was highest which is 
greater as compared to mustard (alone) or other monoculture as as well as greater than 
other intercrops. 
191 
At 85 and 95 DAS the dispersal of aphid from sole to intercrop was clearly 
marked and the same result was also obtained by (Singh and Singh, 2000). In the 
present study, the aphids were completely disappeared from field at 115 DAS because 
it coincides with the maturation of crop and onset of summer season (Singh and 
Malik, 1998) and has created a net deficit of water contents in plant tissues leading to 
the food scarcity (Singh and Singh, 2000). However, when the Indian mustard 
varieties in the intercrops/mixed crops attain the maturity phase, the infestation was 
high in the mustard grown with wheat as these plants were still succulent as was 
observed in the present study. 
Mustard + fennel offered a significantly differed and lower aphid population 
{P<0.05) in comparison to other combinations, it was confirmed by Singh and Kothari 
(1997) that allelochemicals released by the fennel may deter the colonization as well 
as phenotypic characteristic of fennel inflorescence result in natural cover across the 
inflorescence of mustard canopy. This arrangement may have reduced the increase in 
aphid population because it has created an effective allelochemical barrier film that 
may have acted as an alarm pheromone, similar to that reported for aphids in wild 
potato. Solarium berthaultii Hawkes (Gibson and Pickett, 1983). Therefore, it is 
suggested that fennel may be grown as an intercrop with mustard to reduce the 
infestation of I. erysimi. 
o 
I 
i n 
o 
o 
O 
o 
-a 
C 
'5-
o 
u 
o 
o 
O 
i3 
o 
• ^ 
E 
o 
o 
~S 
o 
3 
O 
a. 
73. 
c 
(D 
U 
c 
C/3 u 
< 
D 
o 
U 
2 
o 
m 
en 
3 
u 
< 
Q 
in 
OS 
U 
00 
< 
D 
I/O 
CX3 
C/5 
< 
Q 
U 
U 
00 
< Q 
C/5 
< 
O 
in 
in 
U 
o 
WO 
\o 
o 
o 
r^  
o 
O 
o 
(^1 
00 
o 
in 
00 
00 
r-5 
<N 
ro 
in 
1 
00 
>n 
1 
in 
00 
(N 
CN 
1^ 
3 
0\ 
as 
in 
O 
O 
in 
so 
so 
00 
ro 
o 
ot 
(N 
oo 
in 
fo 
in 
rN 
00 
+ 
ON 
CO 
ON 
CO 
00 
CO 
•a-
o 
o 
O 
O 
00 
i/~i 
m 
in 
00 
00 
NO 
NO 
o 
00 
o 
"6o 
O N 
00 
o 
^ 
f-
ON 
NO 
O 
in 
00 
in 
NO 
o 
m 
ro 
NO 
00 
NO 
'3-
•sr 
00 
d 
'a-
in 
NO 
oo 
in 
(N 
ON 
•2 
1 
ON 
00 
5^  
re 
in 
00 
o 
00 
in 
in 
NO 
IN 
00 
in 
c-i 
tN 
o 
NO 
so 
in 
ro 
O 
O 
CO 
+ 
V 
^ 
in 
NO 
in 
(N 
ON 
ro 
NO 
O 
in 
o 
00 
(N 
r-i 
r-i 
NO 
in 
CO 
ON 
in 
<N 
O 
o 
in 
CNl 
ro 
u 
a 
CJ 
O 
'co 
r^  
T3 
NO 
'•O 
00 
o 
rn 
(N 
in 
(N 
ON 
ri 
in 
oo 
in 
NO 
"3-
NO 
rn 
ON 
d 
ro 
NO 
(N 
<N 
(N 
NO 
00 
CN 
-a 
u 
in 
3 
O 
NO 
in 
CN 
"NO 
NO 
o 
m 
fN 
o 
c^ 
NO 
• * 
N3-
00 
fo 
oo 
(N 
(N 
ON 
00 
in 
o 
00 
00 
CO 
(N 
NO 
00 
ON 
(N 
00 
+ 
in 
O N 
•n 
NO 
fo 
00 
(N 
NO 
<N 
in 
o 
00 
o 
o 
in 
(N 
in 
IN 
CO 
NO 
ON 
M 
00 
q 
ON 
NO 
m 
r-
c 
.2 
o 
O 
"ON 
fNl 
"fNj 
NO 
ro 
in 
NO 
in 
in 
(N 
in 
m 
00 
in 
o 
in, 
ON 
Tf 
T 
00 
00 
00 
NO 
o o 
oo 
00 
NO 
Cs 
u 
3 
3 
V 
^ 
ro 
j2 
NO 
m 
13-
la-
in 
rn 
(N 
IN 
O 
1 * 
(N 
(N 
NO 
NO 
NO 
(N 
NO 
in 
ON 
o 
in 
NO 
in 
O N 
00 
O 
(N 
CO 
-t-
in 
o 
in 
°bs 
<n 
ON 
oo 
rn 
o 
(N 
in 
<N 
o 
<N 
NO 
(N 
od 
ON 
O 
(N 
00 
m 
o 
in 
r-i 
o 
m 
NO 
CO 
NO 
NO 
O 
*1> 
C 
C 
U 
tu 
rn 
ON 
(N 
<N 
NO 
o 
o 
NO 
o 
rn 
(N 
in 
in 
oo 
o 
CO 
<N 
It 
m 
<N 
NO 
00 
1^ 
00 
<N 
00 
13-
00 
(N 
O 
o 
(N 
in 
ON 
-o 
3 
3 
2 
•3-
O 
m 
in 
00 
oo 
o 
rt 
rj 
00 
m (N 
o 
o 
NO 
rn 
NO 
m 
fN 
00 
-3-
r-1 
ON 
d 
o 
NO 
m 
<N 
13-
o 
o 
lO 
0 0 
rM 
00 
-1-
m 
(N 
13-
-3-
m 
0 
0 
r^ 
in 
m 
(N 
00 
in 
tN 
in 
0 
0 
in 
rn 
rn 
00 
•3; 
rn 
NO 
CNl 
0 
ON 
NO 
0 
<N 
O N 
0 
rn 
0 
0 
"fN 
•3-
<N 
'o 
»n 
NO 
rn 
m 
ON 
rn 
0 
0 
00 
0 
0 
m 
13-
(N 
in 
ON 
r-1 
0 0 
0 
CO 
NO 
m, 
0 
0 
00 
rN 
in 
0 
m 
o~ 
-o 
C3 
3 
ON 
(N 
0 
rn 
0 
m 
(N 
NO 
0 
NO 
n 
0 
0 
NO 
•3-
00 
m 
m 
m 
01 
NO 
13-
rN 
rt 
rn 
CO 
0 
13-
m 
13-
00 
NO 
C-I 
CO 
+ 
rn 
in 
r-
m 
O N 
in 
in 
in 
0 
n 
ON 
0 
in 
r-
NO 
13-
<N 
NO 
NO 
m 
rn 
CO 
(~1 
r-l 
00 
0 
0 
ON 
rn 
m 
r^ i 
in 
rn 
I/) 
•3 
a 
a: 
0 
in 
00 
00 
0 
0 
0 
0 
00 
NO 
03 
in 
13-
NO 
in 
in 
r) 
rn 
0 
(N 
0 
rn 
1 
rN 
-0 
C3 
3 
C 
0 
U 
(N 
NO 
in 
Os 
0 
0 
V 
a, 
Q 
0 
m 
1 
NO 
NO 
rs 
00 
NO 
mi 
0 
0 
00 
la-
in 
0 
in 
CO 
O N 
00 
00 
0 
la-
in 
in 
00 
00 
00 
00 
r-
NO 
in 
m 
ON 
-0 
3 
3 
"oo 
0 
13-
m 
"ON 
00 
in 
C5 
NO 
in 
m 
<N 
NO 
•a-
13-
NO 
rn 
NO 
rr 
in 
NO 
fN 
0 
q 
CO 
in 
•a-
0 
in 
m 
fN 
(N 
00 
-1-
00 
0 
fN 
-3-
'00 
0 
0 
NO 
tN 
00 
fN 
0 
00 
00 
NO 
NO 
r-l 
NO 
m 
m 
NO 
in 
in 
0^ 
0 
0 
0 
^ 
NO 
m 
NO 
0 
m 
c3 
u 
J3 
0 NO 
13- — 
-0 u 
•* in 
rn ON 
m ON 
r^ in 
NO 13-
q 00 
00 r-" 
fN 00 
— 00 
rn fN 
0 00 
rn m 
0 0 
fN 0 
m, CO 
0 NO 
f^ l 0 
c^ — 
t^ 13-
— n 
0 r^ i q 0 
r^ r-i 
NO in 
NO in 
0 0 
n 00 
00 It 
It ^ 
00 in 
in — 
1 1 
fN n 
ON ^ 
m rn 
— (N 
ON 00 
•0 
3 
CN 
NO 
O N 
m 
0 
0 
NOi 
00 
CN 
fN 
00 
ON 
0 
0 
r-
fN 
NO 
0 
0 
m 
0 
ON 
0 
0 
NO 
m 
NO 
m 
ON 
00 
r-
a 0 
Q. 
0 
U 
tfl 
o 
v-1 
00 
CO 
O 
-* 
CO 
(N 
o 
oo 
00 
in 
00 
oo 
OS 
00 
ri 
O N 
T3 
a 
1-^  
00 
00 
ON' 
OS 
CN 
OO 
o NO 
CO 
m 
NO 
00 
O N 
Nn 
NO 
o 
NO 
00 
NO 
~" 
<N 
CO 
+ 
o 
<N 
o 
(N 
NO 
NO 
00 
NO 
00 
ON 
v-1 
(N 
IT) 
O 
o 
00 
O 
o 
NO 
OO 
o 
"~ 
m 
r-~ 
o 
-a 
S 
'u 
o 
U 
o 
o 
•n 
NO 
NO 
»rs 
NO 
NO 
(N 
NO 
ON 
00 
NO 
NO 
Ol 
(N 
O 
o 
•a-
'5-
00 
CNI 
00 
' 
ON 
-a 
a 
2 
O N 
P-1 
c^  
ON 
00 
NO 
rN| 
r-
00 
NO 
o 
o 
o 
o 
rn 
n 
rNi 
00 
NO 
o 
NO 
o 
*~ 
Ol 
oo 
+ 
ON 
NO 
1/^  
r-1 
ON 
fs 
00 
rsi 
o 
NO 
NO 
00 
o o 
NO 
<N 
o o 
00 
o 
• * 
00 
o 
o 
O 
m 
t^ 
a 
c 
u 
oo 
•* 
NO 
o 
r-
o 
o 
00 
00 
o 
o 
NO 
NO 
in 
o 
o 
• * 
l/~l 
o 
o d 
NO 
n 
_^  
O N 
V-
3 
NO 
»n 
CO 
oo 
00 
o 
NO 
o 
in 
00 
00 
CNI 
o 
oo 
CO 
NO 
o 00 
NO 
o 
00 
• * 
' 
(N 
00 
+ 
"o 
O N 
OO 
o 
o 
NO 
ri 
NO 
o 
NO 
o o 
NO 
•* 
^0 
-* 
tT 
on 
O 
O 
o 
-a-
NO 
00 
NO 
o 
ro 
r~-
o 
5 
O 
m 
(N| 
O 
00 
o 
o 
rj 
o 
NO 
CNI 
r-1 
00 
o 
in 
iTi 
CO 
o 
ON) 
00 
O 
ON 
in 
r-l 
m 
__ 
o-
a 
2 
r^ 
r-l 
NO 
d 
NO 
CNl 
in 
o 
00 
ri 
•00 
NO 
o 
in 
fNl 
00 
in 
NO 
in 
•n 
•o 
(N 
(N 
CO 
+ 
CO 
^ 
00 
in 
00 
00 
r-i 
in 
00 
00 
m 
04 
o in 
o 
NO 
o 
•a-
o 
<N 
1 
C 
m 
<N 
r^ , 
r~ 
•5 
ft; 
u 
T3 
00 
rsi 
oo 
NO 
'n 
-rr 
NO 
m in 
(N 
00 
o 
00 
ON 
CNl 
OO 
n 
NO 
r-1 
CO 
^ 
o 
ON 
r-l 
in 
M-
ON 
-o 
3 
•rt-
O N 
O 
00 
NO 
r-1 
rt 
o 
m 
o 
00 
in 
r-i 
ini 
NO 
OO 
o 
OO 
in 
-O 
00 
in 
oo 
00 
r-i 
m 
r-l 
oo 
+ 
o 
00 
d 
in 
ri 
r-l 
O 
o 
NO 
-a-
ON 
^ 
O 
c 
^ 
T T 
^ 
O 
o 
r-l 
o 
o 
ON 
NO 
in 
in 
o 
o 
<N 
r^ 
t~-
d 
o 
NO 
•a 
CO 
rn 
in 
O 
O 
r-l 
r-l 
O 
o 
o 
r-1 
o 
c 
oo 
in 
o 
o 
oo 
00 
o 
rsi 
CO 
m 
ON 
•o 
u 
1 
c^  
o 
rn 
NO 
in 
NO 
Ng 
rl 
00 
00 
r-l 
ON 
O 
oo 
-3-
00 
00 
o 
00 
r-1 
r-l 
00 
in 
O 
o 
r-l 
in 
r-4 
O N 
r^  
r-l 
rn 
rM 
00 
+ 
"in 
r-l 
r-l 
00 
00 
o 
»n 
'n 
r-l 
ON 
in 
r-l 
o 
in 
o 
r4 
o 
o 
in 
NO 
CO 
00 
O N 
r-l 
rs 
NO 
NO 
r-l 
m 
I^ 
a 
(U 
D. 
o 
u 
•T 
^ 
oo 
r-l 
T3 
NO 
oo 
-I-
00 
r-i 
ri 
O 
o 
ro 
OO 
(^1 
r-l 
ON 
O 
r-1 
in 
CO 
fn 
•a-
in 
r-l 
ON 
I-
a 
3 
2 
o 
rri 
rn 
O 
rl 
-o 
C2 
r-. 
in 
rsi 
00 
^ 
NO 
(-.1 
o 
NO 
ND 
r-1 
o 
in 
O 
in 
rsi 
in 
m 
NO 
r-l 
CO 
rM 
r-l 
00 
+ 
00 
NO 
d 
in 
NO 
o 
o 
o 
r-1 
-* 
NO 
ini 
00 
rn 
r-l 
r^ 
NO 
0-' 
NO 
m 
o 
ON 
00 
m 
r-
s 
-a 
c 
2 
o 
U 
'r-l 
o 
m 
00 
r-l 
r-t 
NO 
OO 
in 
o 
o 
in 
r-l 
o 
o NO 
m 
r-l 
O N 
NO 
00 
c 
in 
O 
NO 
m 
in 
o 
o 
00 
04 
_ 
ON 
•a 
tg 
3 
•NO 
ON 
5-
XI 
in 
m 
NO 
00 
o 
o 
in 
o 
o 
o 
o 
in 
r^ l 
ON 
ON 
rn 
O 
O 
•5-
in 
o 
ON 
o 
cr^  
NO 
r-l 
r-l 
00 
+ 
rn 
r-l 
in 
« 
in 
o 
m 
in 
NO 
NO 
m 
-
in 
NO 
in 
in 
00 
o 
O N 
r-l 
NO 
ON 
OO 
in 
O N 
rn 
m 
NO 
o 
00 
o 
m 
m 
1^ 
"5 c c 
r~i 
00 
m 
o 
o 
r-l 
O 
o 
rn 
m 
NO 
r-l 
m 
o 
o 
O N 
O 
O 
O 
r^  
r^ i 
NO 
r-
1 
o 
i/n 
00 
NO 
in 
r--
NO 
o 
m 
__ 
ON 
-a 
S 
3 
CO 
oo 
m 
Si 
o 
rsi 
NO 
r-1 
O 
m 
m 
o 
NO 
o 
O 
O 
rM 
o 
00 
rM 
in 
CO 
00 
in 
•a-
rM 
r-l 
r-1 
00 
+ 
m 
NO 
"3-
00 
ON 
r-1 
NO 
cK 
GO 
NO 
in 
r-l 
r-l 
NO 
00 
00 
in 
m 
o 
o 
00 
NO 
rn 
rn 
oo 
r-l 
m 
NO 
rn 
m 
r~-
O 
00 
&0 
\C 00 VO 
— t-^  -o 
•^ ri CO 
00 
00 
c^  
00 
CO 
00 
in 
O 
r-^  
in 
^ ^ (N 
Tf 00 O 
r-i r- O 
d C^ r", 
<-sl — — 
(N r) O 
•* o o 
M + -a 
5 ei 
"GO 
o 
T3 
r-
IT) 
O 
o 
o 
o 
^ 
M 
M 
o 
mi 
o 
in 
o 
lO 
00 
o 
o 
lO 
o 
00 
f^ 
ON 
•a 
C3 
3 
CN 
NO 
00 
o 
NO 
NO 
o 
CO 
00 
CNl 
CO 
(^1 
NO 
NO 
in 
(N 
O 
ini 
o 
in 
in 
ini 
r~i 
m 
r-i 
00 
+ 
-a 
•3-
NO 
OO 
'n 
o 
'n 
fN 
ON 
rNi 
ON 
^ 
CO 
(N 
NO 
in 
00 
ON 
00 
rA 
r', 
ON 
CO 
(N 
"-
NC 
o 
in 
00 
<N 
NO 
o 
o 
o 
NO 
cc 
in 
^ 
r^ 
00 
CO 
00 
00 
00 
o 
00 
m 
ON 
•p 
S 
3 
oo 
o 
rn 
'in 
o 
NO 
ir^. 
o 
o 
O N 
NO 
in 
-5-
'n 
o-
NO 
o 
o 
rt 
ON 
NO' 
'n 
00 
in 
in 
•* 
c^ 
rN| 
00 
+ 
•a 
O 
CNl 
in 
in 
NO 
NO 
o 
O 
NO 
o 
NO 
o 
c 
'n 
00 
O 
00 
(N 
o~ 
ON 
NO 
o 
in 
(N 
r^  
u 
O 
NO 
CN 
r-
oo 
NO 
(N 
in 
<N 
ON 
(N 
00 
in 
ON 
00 
00 
ON 
^ 
NO 
00 
fN 
NO 
CO 
rn 
fN 
00 
fN 
0\ 
-o 
B 
in 
3 
% 
O 
O 
in 
oo 
f~-l 
ON 
NO 
fN 
fN 
00 
-1-
o 
NO 
NO 
NO 
ivi 
f^ l 
CN 
^ 
(N 
ON 
m 
NO 
fN 
r-l 
00 
+ 
tN 
ON 
-t 
o 
ON 
in 
fN 
fN 
o 
in 
c 
rj 
^ 
Tf 
r-
f~>i 
00 
o 
NO 
(N 
0-' 
O 
~~ 
m 
T3 
C S 
O 
u 
ON 
CO 
ON 
(N 
O 
O 
NO 
(N 
NO 
00 
NO 
NO 
fN 
rNi 
o 
00 
O 
o 00 
NO 
in 
r) 
CO 
oo 
o 
o 
in 
in 
NO 
in 
O 
00 
" 
__ 
0\ 
-a 
a 
to 
3 
s 
fN 
ON 
in 
in 
NO 
o 
m 
ON 
00 
r-
c 
o 
• N O 
in 
00 
NO 
NO 
in 
NO 
NO 
O 
NO 
rj 
00 
o 
fN 
r-1 
00 
+ 
CO 
in 
m 
'ON 
^ 
-ir 
in 
o 
o 
r-
NO 
in 
fN 
NO 
(N 
in 
f^j 
o 
o 
c^  
'n 
in 
rl 
O 
O 
O 
00 
K 
m 
o 
(^  
5 
tL. 
c 
in 
00 
fN 
0^ 
GO 
NO 
NO 
o 
d 
NO 
o 
o 
f^ l 
ON 
NO 
m 
NO 
'n 
ON 
00 
o 
o 
o 
NO 
NO 
NO 
00 
fN 
NO 
oo 
r^ 
rM 
__ 
ON 
B 
vy 
3 
o 
CO 
in 
o 
00 
00 
^ 
^ 
fN 
in 
in 
00 
00 
in 
ON 
•n 
m. 
in 
00 
in 
NO 
NO 
in 
fN 
00 
+ 
"ID 
o 
in 
'fN 
O 
00 
in 
o (N 
(N 
O 
o 
o 
NO 
GO 
o 
c NO 
•a-
oo 
co' 
oo 
(N 
ON 
(N 
00 
(N 
r^ 
u 
o 
fN 
ON 
NO 
OO 
NO 
NO 
NO 
(N 
00 
NO 
fN 
CO 
o h-
O 
CO 
TT 
o. 
^ 
o 
o 
o 
ON 
CN 
m 
ON 
-a 
u. 
M 
c/i 
3 
"^ 1 
in 
NO 
f^ l 
fN 
00 
NO 
o 
fN 
o 
o 
O 
o 
o 
O 
O 
00 
c 
rl 
NO 
CO 
CO 
NO 
fN 
o 
NO 
f^ l 
NO 
f^i 
o 
m 
fN 
00 
+ 
fN 
in 
m 
o 
rn 
in 
d 
in 
NO 
NO 
f^ l 
o 
o 
O N 
m 
NO 
NO 
T 
^ 
fN 
rj 
r-i 
fN 
00 
00 
in 
m 
fN 
m 
-3 
as 
1 
"bo 
in 
o 
m 
00 
00 
CO 
fN 
r-l 
NO 
fN 
fN 
00 
NO 
1^ 
S~ 
CO 
to 
3 
"o 
c 
o 
O 
^ 
fN 
(N 
00 
fN 
CO 
NO 
•S-
00 in NO 
ON ^ O^ 
t^ NO It 
O — 
(N — 
m 00 fN 
fN 
OO 
tN 
fN 
ON 
O 
o 
O 
O 
f^l 
o 
o 
fN 
in 
f^i 
o 
00 
— fN m 
NO ^ — 
fN •* NO 
— — ,^ 
— r-^  NO 
f?N in -^ 
— r-- '^  
fN — — 
00 NO fN 
[^  in — 
— tN 
ON CO 
3 
OS 
t 
VO 
o 
o 
-* 
00 
o 
00 
r-
o 
00 
oo 
i n 
CO 
OS 
CO 
m 
ON 
-0 
w 
3 
2 
00 
so 
•^  
o 
00 
o 
<> 
o 
O 
T T 
M-
• * 
m 
00 
<N 
O 
CO 
IT) 
oo 
i n 
i n 
O 
vd 
m 
(N 
00 
+ 
T3 
O 
IN 
o 
o 
i n 
o 
o 
00 
1 
o 
o 
q 
00 
m 
so 
i n 
so 
o 
o 
o 
•^ 
f^ 
00 
o 
o 
1 
i n 
rsi 
(N 
r^ 
t-~ 
a 
0) 
o 
U 
m 
(N 
so 
oo 
fN 
o 
i n 
(N 
0 0 
OS 
O 
O 
SO 
^ 
OS 
o q 
mi 
OS 
rsi 
OS 
T3 
u 
01 
3 
"tN 
CO 
SO 
i n 
00 
so 
s o 
i n 
d 
so 
rsj 
•* 
^ 
0 0 
ro 
CO 
i n 
o 
o 
m 
' T 
i n 
r-
r-i 
(N 
00 
+ 
00 
rsi 
i n 
•* 
• * 
o 
CD 
O 
o 
so 
r^ 
rs| 
so 
mi 
so 
o 
m 
m 
o 
o 
r j 
OS 
O 
o 
o 
r s | 
OS 
O 
rsi 
r^ 
lU 
• o 
c 
s 
o 
O 
q 
m 
so 
so 
o 
q 
so 
so q 
i n 
r~ 
o 
o 
(^1 
O 
q 
so 
i n 
00 
o 
00 
m 
o 
q 
ri 
n 
t ^ 
r j 
OS 
• o 
u 
B 
to 
3 
2 
CD 
o 
m, 
i n 
00 
q 
CO 
oo 
OS 
CO 
00 
i n 
i n 
o 
o 
rn 
rsi 
o 
00 
o 
o 
o^  
o 
r i 
00 
+ 
so 
i n 
' o 
O S 
rsj 
o 
o 
so 
o 
r s | 
r - ' 
c 
o 
C3s 
S O 
O 
O 
r-
so 
o 
o 
Os' 
r 
O 
o 
rsi 
oo 
m, 
od 
o 
i n 
m 
t -
c 
c 
u 
q 
rM 
o 
r-i 
M -
m 
o q 
r-i 
oo 
1 ^ 
so 
o 
o 
(^1 
r^, 
r-i 
i n 
00 
so 
1 
00 
r-
SD 
r-i 
i n 
oi 
OS 
•a 
u 
a 
3 
2 
Tf 
so 
i n 
so 
00 
r~i 
d 
o 
d 
so 
d 
00 
•* 
r ^ 
so 
SO 
rM 
CO 
oi 
i n 
00 
O 
mj 
r ^ 
rsi 
-* 
rh 
rsj 
rsi 
00 
+ 
d 
i n 
d 
i n 
r-
c^ ' 
o 
o 
rs) 
o q 
rsj 
so 
rsi 
i n 
o 
o 
m 
i n 
00 
00 
o 
o 
ro 
O 
q 
o 
*"" 
(^  
r^  
O 
rsi 
o 
r -
00 
r-l 
00 
1 
00 
00 
00 
q 
00 
rsi 
o 
o 
O) 
rs) 
r--
m; 
00 
d 
OS 
q 
i n 
o 
q 
en 
' T 
^ 1 
OS 
u 
C3 
en 
3 
2 
^ 
^ 
'S-
OS 
rsi 
"os 
r-l 
r^ 
c^  
00 
mj 
so 
rs) 
q 
mi 
o 
o 
OS 
i n 
00 
rsi 
CO 
00 
so 
o 
q 
00 
•a-
d 
o i 
1 
i n 
r'S 
rs| 
oo 
-1-
00 
O S 
m 
i n 
i n 
so 
OS 
q 
m 
r) 
Cs 
00 
so 
o 
so 
o 
o 
CO 
oo 
r^i 
00 
oi 
i n 
so 
rsj 
so 
o q 
oi 
r ^ 
r~ 
"in 
1 
q 
so 
d 
so 
oi 
00 
OJ 
OI 
o 
00 
OI 
so 
i n 
d 
OI 
rM 
r-; 
1 
o q 
1 
so 
i n 
d 
O J 
• o 
(A 
3 
"5 
0 
o 
H 
u 
C 
o 
^ 
^ Q 
>. 
^ 
mi 
o 
o 
11 
Q, 
j _ » 
c 
u 
C M 
•o 
>s 
c 
rt CJ 
ij:; 
M 
l/l 
CO 
u 
IIJ 
e 
o 
• • 
i ) p 
rt 
V) 
>s 
X) 
•n 
SJ 
^ 
o 
, 1 
n 
cw 
n C 
r/1 
5) 
=J 
a 
> 
oi) 
c 
n 
c/l 
^ (LI 
w 
CO 
KJ 
Q 
II 
^ 
< 
U 
Cl. 
o 
c 
tl 
( ) 
a 
o 
u U 
OJ 
c 
r/l 
II 
( ) 
CO 
o 
o 
o 
o 
25 
C 
o 
5 
(J C 
l> 
'o 
c 
c 
o 
C 
'5-
a 
o 
•4 -1 
o 
-t-» 
o 
« 
U 
OS 
X3 
O 
o 
3 Q. O 
a 
C-
c 
U 
c 
u 
Q 
o 
U 
c/5 
< 
Q 
in 
in 
a 
IT) 
U 
U 
u 
< 
O 
ir> 
O 
C/5 
Q 
U 
03 
O 
0\ 
00 
00 
^ 
SO 
fn 
m 
o 
CM 
r-1 
^ 
^ 
3^-
(N 
C\ 
"f-
rn 
1-
o 
(^1 
"I-
IT) 
o 
5 
00 
r--
o 
o 
o 
ro 
ro 
o 
(N 
IN 
IT) 
'— 
iN 
00 
+ 
o 
so 
OO 
r-
CM 
o 
so 
o 
OS 
00 
M 
o 
o 
r-1 
Cs 
SO 
o 
(N 
00 
OO 
o 
so 
fl 
—' 
M J3 
CS r-i 
(N 00 
00 so 
T3 O 
CS fN 
SO "O 
f1 so 
rn ^ 
o o^  
no — 
r~ so 
so o 
so >0 
00 00 
00 (N 
c OO 
iri CO 
00 •* 
00 (N 
O 00 
•sD CO 
ro rl 
00 CO 
rn ^ 
^ so 
00 fO 
so (N 
so r-1 
1 1 
(N SO 
OS •* 
(N r^ 
— (N 
OS CO 
-0 
a 
M + 
so 
Tl-
J2 
so 
•ri 
-* 
r-i 
00 
ro 
m 
O 
O 
O 
C. 
SO 
so 
OO 
(N 
Wl 
• " 
a 
a. 
o 
U 
r-
so 
o CO 
OS 
1/1 
r-i 
00 
O 
o 
so 
CO 
o 
(N 
oc 
o 
o 
r-1 
00 
00 
00 
' " • 
OS 
•a 
i-< 
a 
1 
"bs 
OS 
-Cl-
io 
00 
O 
O 
<N 
(X) 
'/-I 
SO 
so 
rn 
CS 
O 
O 
O 
00 
o 
o: 
OO 
"^  
00 
+ 
o 
OS 
CO 
r-i 
00 
rn 
O 
O 
o 
so 
i/-i 
in 
o 
o 
1-
so 
in 
o 
•a-
r^' 
rN 
T3 
C 
o 
o 
in 
rn 
(N 
in 
m 
r-, 
in 
(N 
in 
CO 
IN 
o 
o 
in 
(N 
in 
m 
0^ 
00 
O 
O 
SO 
~~ 
OS 
T3 
CO 
to 
3 
Ijs 
in 
00 
o 
r^i 
o 
OO 
in 
in 
o 
o 
r-1 
OO 
rl 
so 
so 
Tf 
r-^  
(N 
' 
<N 
OO 
-1-
°CS 
in 
in 
so 
r ^ 
rNi 
o 
o^ 
00 
-3-
o 
CO 
so 
O 
OS 
00 
O 
r-1 
r-1 
O 
•* 
so' 
CO 
OO 
o 
r-1 
c 
a. 
r-1 
00 
SO 
in 
00 
o 
m 
O 
O 
1^ 
in 
o 
o 
o 
OO 
1^ 
so 
SO 
Ol 
in 
OO 
o 
so 
SO 
o 
r-1 
r-i 
so 
in 
(N 
OS 
T3 
a 
VI 
3 
2 
'o 
in 
in 
OO 
C-l 
o 
o 
o 
-3-
O 
o 
<N 
in 
<N 
c^ 
1-
ri 
r-, 
so 
ri 
o 
o 
o 
o 
o 
o 
•9-
' 
00 
-t-
in 
(N 
in 
(3 
00 
•3-
rn 
OO 
^ 
O 
OS 
(N 
O 
in 
00 
in 
so 
in 
o 
o 
•* 
^ 
r-
00 
in 
so 
cS 
04 
<z> 
r-1 
o 
a 
O 
'co 
OS 
m 
(N 
V 
ri 
rn 
in 
m 
o 
o in 
00 
CO 
o 
m 
in 
(N 
in 
o 
00 
o 
r-
•3-
sC 
r-1 
so 
in 
o 
in 
o 
o 
so 
in 
r) 
OS 
•p 
a 
3 
2 
in 
m 
-o 
r-
00 
SO 
'n 
in 
OS 
00 
<N 
so 
OS 
(N 
00 
m 
00 
00 
o 
o 
r-1 
-3-
so 
in 
1/1 
so 
in 
n 
r-1 
CO 
Jr 
in 
m 
so 
rn 
o 
00 
00 
00 
OS 
• * 
^ 
^ 
n 
• * 
SO 
in 
r"! 
in 
in 
o 
fN 
•It 
O 
O 
SO 
r-1 
rl 
-If 
^ 
00 
n 
~ 
rn 
1^ 
'>-i 
-a-
OS 
OS 
n 
00 
00 
n 
in 
so 
o 
m 
so 
in 
n 
so 
o 
n 
00 
CO 
n 
o 
m 
V 
5 
3 
s 
"5 
5 
U 
in 
so 
in 
o 
in 
o 
o 
V 
Q 
C/s 
SO m 
n o 
— o 
n m 
00 in 
m o 
t- so 
00 O 
00 00 
so — 
m n o 00 
m n 
r^  in 
rs f 
so m 
r-1 m 
n r-
c^  OO 
so OO 
O so 
ri. — 
n so 
O ^ "* 
m — n 
1 
^ — 00 
00 rl 
r^  ri 
so in 
o n in o 
m r-1 
00 in 
so •* 
1/1 -it 
SO. rl 
so TJ-
in m 
m n 
— n 
OS 00 
a 
M + 
3 
rn 
m 
OO 
OO 
r-1 
so 
O 
o 
n 
n 
so 
• * 
SO 
O 
so 
n 
o 
o 
o 
o 
OO 
OS 
-t 
vn 
n 
n 
o 
n 
rn 
r^  
SI 
m 
o 
m 
in 
O 
o 
00 
o 
n 
m 
00 
OS 
rl 
in 
o 
o 
n 
00 
n 
00 
in 
so 
OO 
so 
00 
00 
^ 
00 
m 
__ 
OS 
•o 
a 
3 
in so 
-cl- 00 
r-j o 
m ^ 
OO n 
n — 
o in 
so •* 
OO so 
OS r-' 
•* o 
o m 
r~ m 
n n 
r^  rj 
r- so 
r- so 
o ri 
o o 
n m 
00 O 
r^  in 
n rn 
OO r-1 
"= ri 
•^ o! 
in so 
O in 
in -q-
"g o 
° o; 
-^ in 
r-1 00 
n n 
rl rn 
00 r-
(N 
•3 
00 
en 
o 
d 
VO 
f-
m 
r-
00 
oo 
(N 
OO 
in 
(N 
0^  
-a 
3 
o 
rn 
a. 
J3 
«n 
o 
o 
CO 
o 
•3-
O 
• ^ 
00 
CO 
^ 
m 
d 
^ 
>/". 
o 
o 
o 
<1 
" • 
(N 
00 
+ 
00 
00 
o c^  
o 
c 
in 
o 
o 
r^  
o6 
o 
o 
o 
o 
00 
o 
"-
m 
r~-
T3 
d 
o 
u 
o 
rn 
-3-
un 
00 
oo 
o 
o 
o 
o 
o 
r-1 
o 
<1 
Tf 
00 
m 
O 
*n 
»r» 
•~ 
^ 
OS 
-o 
CO 
3 
oo 
o 
5^  
o 
so 
r^  
00 
un 
rn 
ON 
o 
r-l 
<N 
00 
rn 
r>4 
ON 
o o 
m 
CO 
in 
• ^ 
^ o 
r-i 
00 
+ 
m 
00 
(N 
m 
00 
0\ 
O N 
O 
00 
so 
t--
00 
o 
OS 
T T 
^ 
<7> 
00 
OS 
m 
m 
m 
o 
m 
r~ 
"3 
c 
c 
OS 
r^ 
0^ 
m 
"a-
so 
CO 
r^ 
d 
CO 
so 
(N 
TT 
^ SO 
m 
'O 
o-
OS 
C 
m 
o 
00 
o 
O r-l 
m 
m 
oo 
oo 
oi 
_ 
OS 
u 
B 
3 
to 
vn 
so 
m 
so 
oo 
Os 
OS 
r^  
o 
rsi 
o 
(N 
O 
SO 
o 
o 
o d 
•3-
00 
oo 
o o 
so 
xn 
' ' 
(N 
00 
+ 
T3 
CM 
so 
so 
in 
m 
so 
oo 
so 
00 
o 
>n 
o 
o 
rs| 
so 
^ 
00 
oo 
OS 
OS 
o 
in 
00 
o 
m 
t-~ 
o 
a) 
O 
:3 
OO 
o 
o 
IN 
o 
OS 
00 
r-i 
in 
m 
r-l 
00 
(N 
O 
•* 
rn 
in 
so 
CO 
rsi 
00 
CO 
00 
o 
o 
fN 
_^  
OS 
3 
m 
OS 
T3 
(N 
SO 
so 
so 
O 
ri 
00 
so 
r-l 
so 
rn 
m 
m 
oo 
so 
CO 
o 
in 
r-l 
ol 
O 
o d 
so 
o 
00 
so 
in 
in 
in 
m 
r-l 
r-l 
00 
+ 
o 
00 
in 
m 
OS 
O 
in 
00 
'J 
•a-
(N 
in 
o 
so 
o r-l 
in 
•a-
rn 
00 
so 
r-i 
so 
m 
Tf 
Tf 
OS 
rn 
so 
O 
' ' 
m 
r^  
'•3 
a 
1^ 
OS 
so 
oo 
ri 
rn 
m 
00 
00 
00 
r-
r-i 
o 
m 
r-l 
r^ 
so 
so 
rj 
rn 
rn 
rs 
T3 
a 
3 
"o 
u 
c 
o 
o 
Os 
in 
T3 
o 
in 
OS 
r-l 
in 
oo 
ri 
CO 
r-l 
rn 
•T 
• * 
so 
OS 
o OS 
00 
r-
CO 
o 
00 
so 
m 
r-l 
o 
m 
^ 
Os 
•a 
a 
1 
"oo 
r-l 
m 
d 
r^ 
m 
so 
00 
r--i 
CO 
r-l 
00 
00 
m 
ri 
in 
so 
'^  
SO 
ri 
r-t 
c^  
so 
o 
o 
in 
OS 
so 
m 
m 
r^  
oo 
+ 
m 
OS 
00 
o 
in 
o 
o 
00 
ri 
in 
r^ 
so 
rn 
in 
so 
O 
•a-
r-l 
rn 
o 
o 
r-i 
so 
so 
O 
r-l 
so 
r-l 
o 
n 
m 
r~ 
% 
o 
oo 
m 
so 
r-l 
•a 
O 
OS 
SO 
Ol 
o 
Ol 
r^ 
m 
00 
m 
00 
o 
00 
r-l 
00 
00 
o C--
in 
OS 
o 
o 
r-l 
00 
m 
O-
T3 
l - < a 
• * - ' 
3 
v 
• * 
m 
m 
m 
00 
rn 
so 
O 
r-l 
o in 
r-l 
rs| 
in 
^ 
r-l 
in 
so 
00 
so 
m 
in 
r-l 
O 
r-T 
m 
SO 
o so 
r-l 
m 
m 
r-l 
00 
+ 
m 
^ 
^ 
Ti-
es 
13-
OS 
o 
o< 
so 
m 
00 
r-l 
in 
^ 
o 
in 
'J-
o 
so 
m 
so 
m 
iT 
co 
o 
m 
o 
o 
in 
oo 
o 
r-l 
rn 
t^ 
a 
u 
U 
CO 
m OS 
r-l 
r-i 
m 
r~ 
ri 
CO 
r-l 
o 
o 
m 
so 
O 
00 
m 
•3-
00 
o 
o 
c 
rl 
CO 
r-
c 
rn 
o 
o 
m 
00 
ri 
c^  
T3 
3 
J3 
rn 
so 
rn 
rn 
r-l 
so 
o-
d 
so 
r-l 
o 
o 
in 
r-l 
o 
in 
oo 
r--
r-t 
00 
in 
r-l 
rn 
in 
r-l 
c-
(^1 
r-l 
ol 
00 
+ 
in 
00 
in 
rN 
m 
so 
CO 
so 
m 
00 
00 
o 
so 
o 
m 
r-l 
OS 
(^1 
o 
in 
Os 
00 
m 
00 
Os' 
o 
~ 
m 
r-
C 
C3 
'C 
O 
U 
in 
m 
m 
00 
o 
so 
o 
o 
CO 
in 
m 
r-l 
in 
o 
o ^
r-
so 
Os 
r-l 
r-l 
CO 
in 
r-l 
OS 
so 
in 
TT 
in 
o 
00 
r-i 
_ 
OS 
T3 
ca 
1/1 
3 
OS 
O 
00 
in 
in 
o 
00 
r-l 
m 
• * 
r-l 
r-l 
in 
so 
o 
r-l 
so 
o 
CO 
r-l 
r-J 
so 
so 
o 
m 
o 
cr-' 
o 
rs 
n 
M 
00 
+ 
T3 
rn 
so 
in 
'r-l 
rsi 
m 
00 
so 
00 
o 
o 
-^  
so 
so 
oo 
m 
r-l 
rn 
rn 
in 
r-l 
r-l 
00 
r-l 
o o 
d 
o 
OS 
rn 
1^ 
c 
c 
o 
in 
rn 
T3 
O 
O 
r-
00 
r-) 
o-
r-l 
m 
r-l 
r-l 
r-l 
o 
r-l 
o 
r-l 
r-l 
c:^  
[^ 
CO 
o 
r-
rsi 
so 
so 
m rn 
__ 
Os 
-o 
3 
m 
r-l 
OS 
m 
V 
r^ 
so 
in 
d 
•3-
-o 
r-l 
so 
rn 
00 
oo 
rn 
so 
o 
o 
rn 
00 
O 
in 
It 
o 
in 
TT 
m 
in) 
Tl-
in 
r-l 
rsi 
00 
•f 
00 
r-
^ 
• * 
m 
in 
't 
so 
rn 
c^ 
o 
o 
rg 
00 
in 
o 
so 
m 
CO 
r-
TT 
m 
O 
00 
00 
00 
m 
m 
o 
o 
so 
o 
m 
r~ 
a 
CO ^ 00 
^ (N m 
00 iri —' 
CO — 
O >0 
q -a-
d 
o 
o 
VO (N VO 
ro 
O 
ON 
o 
CN 
m 
O 
r-1 
Ol — — 
ON 
o 
r^  
o 
00 
o 
o 
00 
00 r ^ (N 
iTi 00 on 
— (N r^ 
ON do r~' 
3 oj 
re ^ 
T3 X) 
. o 
Z ON 
ri vo 
r-~ o 
O CO 
o o 
00 rt 
>v", 00 
— \o 
0 0 r-i 
— r-t 
OC' O 
C' NO 
r^ in 
o-> o 
00 in 
00 -3-
r~- "n 
OO NO 
NO (N 
ri rn 
— (N 
CN OO 
•o 
1^ + 
3 
O 
^ 
m 
ID 
o q 
00 
O 
O 
•*• 
O N 
O 
NO 
00 
00 
fNl 
in 
o 
>n 
in 
NO 
(N 
^ 
(N 
r^  
r-
•NO 
o 
(N 
r-i 
NO 
d 
o 
o 
f^, 
NO 
o o 
rj 
in 
o 
o 
NO 
o 
NO 
n 
o 
o 
o 
00 
r-
00 
m 
ON 
-a 
u 
3 
5 
CO 
o CO 
m 
NO 
o 
00 
O 
o o 
in 
NO 
o 
o 
c 
o 
rn 
^ 
in 
o 
o 
o 
in 
o 
o 
IT) 
m 
tN 
00 
+ 
•a 
in 
•a-
NO 
•^  
NO 
CO 
q 
CO 
NO 
NO 
oo 
fNl 
'J-
o 
o 
c^  
c o 
o 
o 
o 
1 
cn 
NO 
o 
o tN 
O 
o (N 
m 
r^  
o 
U 
"^  
in 
<N 
NO 
t--
r-i 
(N 
00 
<N 
O 
O 
m 
00 
o-
00 
CN 
(N 
00 
NO 
o 
o 
o 
-* 
in 
r--
ri 
ON 
-o 
ca 
3 
"oo 
fN 
NO 
ON 
in 
00 
d 
fN| 
ON 
(N 
O 
O 
r-
00 
NO 
NO 
00 
ON 
in 
00 
NO 
r-, 
r-i 
in 
(N 
(N 
00 
+ 
(N 
I^N 
(N 
•a-
NO 
in 
00 
o 
o 
(N 
NO 
o 
oo 
(N 
OO 
in, 
OO 
CO 
NO 
oo 
or, 
NO 
in 
o 
CO 
o 
' 
m 
1^ 
u 
c 
a 
'C 
o 
U 
NO 
00 
(N 
j3 
NO 
in 
o 
NO 
00 
fN 
00 
ON 
0\ 
•3-
in 
in 
NO 
00 
(N 
NO 
o 
n 
•^ 
•f 
o 
in 
00 
<N 
OO 
(N 
00 
' 
„ 
ON 
-a 
a 
3 
1)0 
-a-
ON 
00 
00 
(N 
in 
(^ 1 
od 
NO 
NO 
r~-
ON 
in 
M 
r^ 
i-n 
o 
o 
00 
»n 
in 
rr 
CO 
00 
" " • 
<N 
OO 
+ 
ON 
NO 
O N 
-a-
r~-
o 
00 
NO 
o 
o 
NO 
NO 
in 
NO 
in 
o 
(N 
fN 
OO 
o 
c in 
00 
r~ 
rN| 
NO 
NO 
NO 
o 
m 
r-
"3 
c 
c 
o 
tt. 
-Q 
rNj 
NO 
CNI 
• * 
o q 
1 
in 
r-i 
00 
'a-
o 
00 
o CO 
ON 
o~ 
rt 
00 
NO 
NO 
NO 
00 
in 
NO 
m (N 
_ 
ON 
•a 
La 
ca 
3 
'NO 
NO 
n 
in 
o 
o 
NO 
in 
ON' 
^ 
m 00 
eg 
o 
in 
in 
NO 
NO 
00 
CO 
oo 
o 
in 
NO 
(N 
C3N 
r^  
in 
—" 
(N 
00 
+ 
(N 
(N 
-a-
ON 
rt-
NO 
q 
00 
(N 
(N 
IN 
NO 
O o 
in 
00 
(N 
NO 
•a-
OO 
00 
in 
m 
ON 
tn 
' ' 
r") 
r-~ 
o 
O 
re X 
in iri 
— o 
oo in 
— (N 
in — 
00 r--
CO r-i 
— r^ i 
rn ri 
o ^ 
•n Ti" 
r-i o (N m 
n NO (N n 
O NO 
rNi 00 
in NO 
— ON 
•a- o^ 
NO OD 
CO 00 
NO m, 
ON r^ 
12 -a-
. <N 
-a- NO 
O 00 
(N — 
NO in 
•o o 
r^ rn 
— fN 
o<' do 
•a 
t-l 
la 
« + 
3 
;2 
'K 
NO 
•a-
X; 
ON 
•a-
in 
in 
NO 
d 
o 
o 
00 
NO 
in 
(N 
-a-
o 
in 
NO 
OO 
NO 
r-t 
ON 
00 
00 
ra 
O N 
m. 
-a-
rj 
in 
r) 
m 
r--
•5 
a 
oi 
00 
rn 
-a-
00 
o 
ON 
NO 
•n 
00 
rl 
DC 
•a-
rN) 
00 
ri 
»n 
o 
in 
-o 
ca 
3 
La 
c 
o 
U 
r^ 
Of 
13 
rNi O 
00 
00 
in 
r". 
O 
-a-
00 
t--
ND 
rj 
NO 
rl 
00 
in 
O 
o 
oo 
1 
NO 
m 
rj 
ON 
CO 
*n 
r-i 
a^  
T3 
u 
ca 
(/I 
3 
ri 
oo 
u 
-a-
r-
•a-
NO 
NO 
o M 
rj 
o 
o 
•a-
in 
00 
o 
r) 
r-
ri 
r< 
NO 
o 
NO 
00 
NO 
in 
rsi 
ON 
r4 
rn 
r) 
00 
+ 
J3 
NO 
in 
'cxo 
in 
-a-
o 
o 
o 
ri 
NO 
ON 
-a-
•a-
NO 
o 
n 
•a-
CO 
00 
a^-
o 
NO 
NO 
NO 
m 
rN| 
m 
r~-
ta 
u 
x: 
to 
O 
in 
r-
00 
rl 
r4 
o 
oo 
o 
o 
oo 
r-i 
o 
o 
r) 
r< 
in 
1^ 
CO 
•a-
NO 
rj 
o 
tn 
00 
•* 
ON 
OO 
r-
r-\ 
ON 
-0 
[/I 
3 
NO 
ON 
rN| 
-a-
-a-
NO 
r-1 
r-i 
O 
00 
O 
O 
CNl 
O N 
o 
rJ 
oo 
r-l 
rl 
•a-
in 
in 
in 
o 
o 
-a-
in 
00 
NO 
in 
r-^  
n 
oo 
+ 
«n 
r-
ro 
o 
o 
in 
o 
o^  
o 
o NO 
r4 
NO 
o 
•a-
NO 
00 
o 
o 
r4 
NO 
NO 
'a-
rr 
r^ 
rr 
00 
r) 
m 
M 
n 
r^ 
r-
ca 
« D. 
o 
O 
0 0 
I N 
0 0 
o 
o 
O 
o 
O (N 
0 0 
O 
r-1 
o 
c 
o 
( N 
( N 
^ 
0 0 
r ) 
c^ 
-o 
M 
2 
j 5 
o 
o q 
o 
I N 
0 0 
oo 
oo 
O N 
0 0 
o 
o 
o 
o 
1 
n 
M 
( N 
0 0 
+ 
-a 
as 
m 
^ 
o 
M-( ^ 
( N 
^ 
T T 
( N 
0 0 
0 0 
( N 
o 
•a-
o 
o 
NO 
o 
VO 
O N 
( N 
M3 
' ' 
m 
r~ 
C 
.3 
'C 
o 
U 
ON 
o 
0 0 
\o 
O^ 
O 
NO 
<N 
0 0 
NO 
-a-
o 
o 
ON 
o 
<N 
( N 
• y 
^ 
NO 
o 
o 
( N 
ON 
(N 
ON 
ca 
3 
o 
J3 
O N 
0 0 
m 
( N 
NO 
o 
o 
ON 
i n 
(N 
o 
o 
o 
o 
o 
oo 
-* 
oo 
~ 
<N 
CO 
+ 
CO 
o 
o 
( N 
O 
o 
NO 
0 0 
-* 
NO 
NO 
NO 
rNi 
o 
o 
' / I 
N C 
0 0 
•^ 
r^ 
( N 
NO 
~ 
cn 
r--" 
c 
c 
o 
( J -
f i 
» / • ! 
O 
f N 
t ^ 
NO 
q 
^ 
o 
o 
ON 
i n 
o 
NO 
o 
<N 
O 
o 
o 
IT) 
NO 
o 
o 
' O 
rN| 
NO 
( N 
, 
ON 
•o 
t o 
3 
O N 
0 0 
0 0 
o 
NO 
ON 
ON 
o 
o 
o 
CO 
»n 
0 0 
o 
c 
o 
c 
o 
o 
1 ^ 
-3 -
o 
o 
" -1 
0 0 
o 
r i 
r - j 
CO 
4-
^ 
^ 
o 
>n 
fNl 
0 0 
0 0 
NO 
r^ 
^ 
0 0 
o 
•* 
NO 
( ^ 
NO 
0 0 
oo 
o 
(^1 
0 0 
( N 
o 
o 
r'^  
r-
o 
a 
^ 
( N 
O 
0 0 
o 
CO 
O 
O 
<N 
-* 
•* ON 
0 0 
>n 
0 0 
• * ( ^ 
( N 
O N 
( N 
oo 
rn 
_ 
ON 
-a 
a 
3 
2 
V 
• * 
oo 
0 0 
lA l 
' /N 
o 
• * 
m 
( N 
O 
NO 
o 
l>". 
NO 
0 0 
NO 
0 0 
o 
fNl 
PNi 
00' 
r-i 
0 0 
o 
0 0 
0 0 
o 
o 
rNi 
i n 
-a-
m 
( N 
0 0 
+ 
NO 
0 0 
0 0 
rn 
•n 
NO 
•n 
o 
NO 
d 
NO 
ON 
CNI 
rNi 
c^ 
CN) 
0 0 
«n 
o 
0 0 
1 -
O N 
ON 
0 0 
o 
^ 
CO 
o 
t N 
f ^ 
r^ 
"n 
oo 
0 0 
0 0 
0 0 
c 
CO 
r^ . 
"n 
NO 
r-i 
-o 
a 
I/] 
3 
"o 
c 
o 
O 
H 
c 
-> 
u olj 
Q 
o 
o 
II 
1 , 
—^' 4_( 
T3 
> N 
ra CJ 
C 
on 
a 
(/I 
>. 
^ n 
II 
< 
Q 
a 
o 
K! :a 
u 
> N 
JJ 
O 
a j 
:S 
o 
, , 
i + -
n 
C 
[/) 
<i> 
C3 
> 
G. 
O 
u 
c; 
i ) 
o 
r/i 
II 
D 
t / i 
r-
o 
MO 
o 
o 
r-1 
MO 
o 
o 
o 
a 
I— 
o 
c 
O 
3 
a 
o 
a 
u 
bO 
nj 
> 
< 
OS 
o 
I 
o 
o 
(N 
6^ 
O 
I 
in 
o 
o 
r-
o 
o 
o 
00 
2 
o 
CQ 
S3 
o 
in 
o 
o 
(N 
o 
o 
o 
(N 
ON 
o 
I 
in 
o 
o 
(N 
U 
u 
00 
U 
U 
00 
U 
U 
00 
U 
oo 
U 
(/3 
U 
o 
00 
o 
O 
u 1) 
in 
in 
'n 
o 
ON 
00 
ON 
<N 
in 
in 
(^1 
00 
in 
q 
00 
VO 
ON 
r~ 
^ 
D 
ON 
(N 
'^ 
•^ 
_ 
^ 
'J 
r--
m 
^ 
r^ 
i n 
r-i 
^ 
ON 
m 
NO 
ro 
i n 
o 
m 
?3 
ON 
1/-1 
ON 
r-1 
• ^ 
ro 
(N 
^ 
V 
f -
^ 
m 
ro 
i n 
r -
m 
ON 
(N 
i n 
-o 
O q 
in 
r~~ 
ON 
oo 
o 
(N 
o 
o 
o 
o 
(N 
O 
o 
rn 
(N 
on 
o 
(N 
r' l 
00 
CN| 
NO 
ON 
q 
<_> 
00 
NO 
<_) 
^ (N 
>* 
ro 
D 
NO 
m 
i n 
r^ 
0 0 
ir> 
m 
m 
^ i n 
ON 
ro 
r-1 
-* 
i n 
ON 
^ 
ON 
(N 
i n 
-^  
V 
CO 
o 
• * 
o (N 
(N 
-* 
re 
M-
i n 
^ 
i n 
'—' 
— < 
ro 
r~-
CO 
rN 
NO 
i n 
ON 
0 0 
_^  
m 
0 0 
0 0 
ON 
O 
O 
O 
(N 
O 
i_J 
ro 
(N 
r^  
ro 
ro 
ro 
(N 
— 
rN 
ON 
l_J q 
I — ' 
ON 
rs 
i_) 
^ 
ON 
ON 
fN 
O 
O 
,— 
r-
r — 
ON 
00 
rN 
rt 
ON 
• ^ 
i n 
o 
NO 
IT) 
(N 
re 
NO 
NO 
o 
i n 
• ^ 
^ 
ro 
r n 
V) 
IT) 
rM 
^ 
_ 
^ 
O 
ro 
re 
i n 
00 
^ 
ON 
r^  
o 
ro 
J2 
o 
rn 
M 
NO 
in 
in 
ON 
CN 
NO 
ON 
00 
NO 
r i 
' • • ' 
o 
o 
o 
OJ 
c 
o 
ro 
(N 
r~ 
, , 
i n 
V ) 
^ 
-^« 
ON 
i n 
00 
oo 
NO 
OS 
00 
ON 
i n 
NO 
r~-
G-. 
re 
i n 
i n 
ro 
ro 
ro 
r-i 
i n 
ro 
re 
00 
NO 
m 
00 
ON 
ro 
u (N 
ON 
0 \ 
00 
00 
i n 
ro 
O 
' ' 
o 
o 
o 
o 
o 
cn 
CO 
00 
(N 
NO 
NO 
in 
00 
ON 
00 ON cn r-i 
ON — 
NO 00 
rN r-i 
(N 
rn 
in 
ON 
NO 
NO 
NO 
NO 
cn 
in 
NO 
q 
o 
NO 
o 
in 
NO 
n "^  
— J—I 
£. O U U t O 
+ + + + + S 2 S S S S 
q 
iri 
oo 
to 
O 
q 
o 
o q 
rn 
o q 
d 
CN 
o 
o 
o 
V 
^ ^ — • ' 
Q 
00 
CO 
00 
-^  
oo 
ON 
O 
-- (N — 
in 
o 
00 
ro 
O 
O 
rN 
o 
o 
NO 
m 
in 
Oi 
-^  NO NO m r~- o 
rn 00 in t~~ o-i 00 
r~-
m 
o 
00 
00 
rn 
• ^ 
o 
^ 
JU 
(N 
• — ' 
i n 
^ 
NO 
^ 
re 
i n 
i n 
m 
m 
NO 
i n 
re 
^ OO 
(N 
r n 
NO 
^ 
re 
^ NO 
i n 
m 
i n 
r n 
u 
ON 
r~-
o 
i n 
CO 
00 
i n 
NO 
OO 
o 
r^l 
•si-
re 
OO 
r-
rN 
^ 
(N 
NO 
ON 
r n 
s: 
r^  
o 
m 
"* 
o (N 
O 
i n 
re 
i n (N 
NO 
m 
rn 
ON 
m 
i n 
re 
NO 
i n 
i n 
m 
o 
ON 
00 
•^ 
a 
o 
o 
r~-
m 
00 
r^ 
—^ 
rf 
j:> 
r -
'^ 
00 
•* 
u 
i n 
NO 
1 ^ 
i n 
o 
o 
r n 
c 
ON 
i n 
o 
NO 
i n 
^ 
rN 
m 
X) 
CO 
(N 
O 
NO 
o 
m 
ON 
m 
re 
i n 
— 
— 
i n 
CO 
O 
,—. 
^ 
-o NO 
r--
-^ 
NO 
i n 
NO 
m 
re 
•^ NO 
^ 
' n 
m 
ON 
r-(N 
x> (N 
NO 
i n 
NO 
i n 
00 
ON 
00 
o 
• ^ 
rn 
re 
ON 
CN) 
00 
i n 
NO 
— 
— 
r n 
X ) 
i n 
ON 
ON 
i n 
r^j 
<N 
r~-
r n 
re 
^^  ON 
r j 
i n 
o 
r n 
ON 
rn 
re 
ON 
^ 
ON 
^ 
r—-
NO 
m 
m 
re 
—' m 
^ 
m 
^^  
m 
(N 
m 
^ 
m 
r-i 
^ 
NO 
"NO 
i n 
CO 
00 
NO 
M 
OO 
m 
i n 
o 
(N 
Xi 
ON 
m 
(N 
ON 
re 
00 
ON 
m 
NO 
o 
r n 
re 
O 
r n 
i n 
ON 
re 
ON 
m 
NO 
00 
O 
o 
(^ 1 
J3 
o 
ON 
r--
o 
ON 
m 
NO 
NO 
(N 
00 
O 
•* 
m 
m 
!Z] 
00 
re 
i n 
o 
in 
NO 
o 
o 
m 
cn 
in 
in 
00 
NO 
m 
(N 
m 
o 
00 
(N 
(N 
w -a 
X o 
O O 
+ + 
(U 
c 
c 
+ 
•a 
s :s 2 s s s 
_o 
c3 
o T 
S 
rt 
oi 
+ 2 
^ 
o 
n 
o 
00 ^ VO O H 0^  O 00 
OS 
00 
00 
ON 
^ 
O q 
o 
(N 
O — 
q t-^  
fN — 
o 
o 
d 
O 
o 
d 
ON 
in 
in 
o 
o — q r-_ 
(N — 
i n 
o 
o 
V 
Q, 
G 
C/D 
h J 
u^ 
T3 
iU 
3 
rt 
r^ 
V^ 
00 
o 
o 
o 
rn 
(N 
(N 
r^ 
i n 
' — 1 
^ i n 
(N 
o 
in § m 
O H oo 
S ^^  d 
(N 
o 
o 
m 
f ^ i 
1 — -
r-
0 0 
<N 
i n 
O N 
r-i 
o 
^ d 
i n 
\o 
o 
'—' 
o 
o 
r ^ 
( N 
a\ 
m 
o 
C-l 
r-
o 
m 
o 
(N 
O 
<N 
O 
o 
^ H 
rn 
—' 
o 
o 
rn 
CN 
i n 
o 
r-
r -^ 
r-^ 
m 
m 
o 
00 
O 
Pi 
(N 
r'-i 
CT\ 
GO 
O 
,—, 
i n 
r i 
•xl-
^ 
. — H 
^ 
ON 
^ 
i n 
CO 
_^  
i n 
f N 
m 
'^ 
ro 
>o 
, , 
i n 
( N 
( N 
m 
-* 
CO 
t - -
'^ 
• * 
m 
i n 
r—. 
^ 
0 0 
r^ 
-^^  
• * 
-* 
^ 
i n 
<N 
o6 
T f 
I N 
o\ 
(N 
O N 
O 
O 
( N 
O 
o 
r i 
( N 
C s 
\o 
(N 
'—' M 
i n 
r j 
0 0 
q 
i - j 
r* ) 
d 
q 
00 
m 
in 
rxi 
00 
d 
O 
r-j 
d 
O 00 CO 
r-^ d 
lo in 
o in 
— o 
00 r-i 
ON ON 
in NO 
in 
0 0 
o 
CN 
NO 
^ 
^ 
ro 
a 
rn 
CO 
ro 
NO 
ro 
NO 
ro 
ro (N 
NO 
ON 
o 
0 0 
i n 
ro 
ON 
ro 
73 
•^ 
(N 
i n 
ro 
0 0 
( N 
ro 
(N 
fNl 
(N 
Os 
O N 
NO 
ON 
i n 
— 
o 
o 
o 
o 
o 
ro (N 
(N 
i n 
• " * 
o 
— 
O N 
O 
ro 
CO 
CN 
NO 
ON 
O 
ro 
ro 
ro 
NO 
i n 
NO 
o 
ro 
fo 
O 
NO 
NO 
ON, 
'^ 
i n 
i r , 
0 0 
0 0 
ro 
d 
rNj 
NO 
0 0 
ro 
r-
(N 
i n 
NO 
0 0 
ro 
' ' 
o 
c 
o 
o 
o 
ro 
^ 
O N 
i n 
0 4 
D 
o i n 
O N 
r-
0 0 
ro 
NO 
f N 
O 
O N 
NO 
r--
co 
ro 
0 - , 
( N 
^ 
^ 
r - j 
ro 
r-
m 
r-
ro 
ro 
a 
0 0 
O 
-^, 
NO 
r^  
i n 
— 1 
ro 
Si 
O O 
^ 
r-
0 0 
^^  
0 0 
r - j 
O N 
O 
i n 
0 0 
(N 
<N 
T f 
ro 
NO 
t ^ 
ON 
o 
' ' 
o 
o 
d (N 
O 
o 
r o 
r s | 
ON 
_^^  
o 
Nj 
ro 
I ^ 
c 
0 0 
0 4 
0 0 
o 
O 
NO 
C3 
ro 
'cr 
^ 
CO 
rM 
"NO 
M 
^ 
o 
ro 
'oo 
fNl 
NO 
ro 
0 0 
ro 
^ 
( N 
O N 
NO 
0 0 
(^1 
i n 
ON 
i n 
o 
ro 
NO 
q 
d 
( N 
O 
o 
ro 
O N 
( N 
ro 
o 
1 • 
a (i> 
^ 
+ 
cS 
u 
a 
^ 
o 
O 
+ 
(1) 
T-t 
r 
n 
o 
U 
+ 
C 
c 
o 
1 
+ + 
3 
"o 
•*-» 
e 
o U 
i n 
o 
o 
V 
a. 
o 
(N 
d 
o 
c 
d 
o q 
ro 
(N 
^ ~ 
(N O 
— o 
ON 
in 
d 
ON 
— o 
(N 
in 
^ 
^ 
m 
o 
o 
ro 
O 
O 
ro 
> 
T3 PH Pi 
o 
'—' 
^ 
rn 
D 
C3 
fNl 
r--
•* 
i n 
^ 
NO 
ro 
n 
r—t 
-* 
NO 
^ 
NO 
(N 
ro 
"* 
ca 
ON 
—' 
( N 
• ^ 
ON 
NO 
ON 
"* 
« 
^^  r-
o 
^ 
, — 1 
( N 
<N 
^ 
TO 
1—1 
O N 
( N 
^ 
r-
NO 
^ 
ro 
u 
C ^ 
'^ 
i n 
m 
•a 
( N 
r o 
0 0 
r~-
• * 
NO 
0 0 
r o 
ra 
1/1 
o 
m 
' t 
r^  
o 
( N 
^ 
r: 
i n 
r^  
i n 
^ 
( N 
r^ i 
ON 
'^ 
TO 
1 — ' 
^ 
o 
•* 
oo 
r-
i n 
i n 
rt 
ON 
^~ 
, — 1 
• ^ 
o 
o 
r o 
i n 
CZ 
(N 
r-
o 
'^ 
<N 
r^  
i n 
ro 
^ 
^ O 
ro 
m 
' f N 
i n 
r-
NO 
NO 
NO 
n 
<N 
NO 
NO 
0 0 
o 
0 0 
( N 
IN 
i n 
NO 
0 0 
NO 
(N 
ro 
TO 
NO 
ON 
m 
0 0 
O N 
ro 
TO 
0 0 
0 0 
( N 
i n 
NO 
NO 
ro 
TO 
i n 
o 
o 
NO 
m 
o i n 
(N 
ro 
r^  
i n 
ro 
O 
ON 
NO 
0 0 
f ^ l 
TO 
UN 
r-
o 
NO 
CO 
r~ 
o 
ro 
TO 
i n 
o 
r j 
NO 
•^ 
ro 
O 
•si-
?3 
O 
r M 
r-
i n 
ro 
r-
f N 
•NT 
r: 
ON 
i n 
ro 
i n 
^ 
r-
o 
^ 
TO 
—^ ro 
0 0 
i n 
(N 
'n 
NO 
(N 
X 
NO 
r j 
oo 
NO 
o 
NO 
i n 
0 0 
O N 
^ 
ON 
D 
O N 
ro 
NO 
o 
(N 
TO 
• ^ 
i n 
( N 
TO 
NO 
r-
NO 
0 0 (N 
TO 
NO 
i n 
o 
NO 
f ^ 
NO 
(N 
TO 
o 
i n 
oo 
X I 
m 
0 0 
--
0 0 
0 0 
ON 
ON 
0 0 
( N 
ro 
O 
NO 
ON 
0<3 
ON 
fNl 
O 
i n 
oo 
O l 
f N 
ON 
in 
r-
ON 
oo 
NO 
ro 
O 
d 
NO 
ON 
r~ 
00 
NO 
NO 
ro 
00 
-t-» 
OJ 
> 
+ 
C3 
(U 
^ 
t ) 
+ 
(1) 
T-l 
O 
U 
+ 
(D 
h f (L) 
+ 
•s: "^  
O 
+ 
Pi 
+ 
s s s s s 
o 
o 
o 
o 
o 
d 
o q 
d 
(N 
O 
q 
d 
o 
o 
o 
d 
O 
q 
r-i 
o q 
d 
00 
o 
o 
o 
o 
d 
(N 
fN 
00 
fN 
"* 
r<^  
(N 
fN 
O 
o 
o 
ro 
f N 
i r i 
(-Nl 
O 
rn 
r~ 
r j 
CM 
o 
fN 
o 
o 
o 
m 
(N 
^ 00 
t ^ 
' — 1 
r-( N 
f N 
o 
OS 
O 
— lO 
— O 
o 
o 
m 
f N 
>/-) CO 
ro 
'—1 
ON 
^ f N 
O 
o 
o 
m 
f N 
00 
i n 
m 
'—' 
r-
o (^  
o 
> c 
00 
fN O 
— o 
'I-
ON 
(N 
00 d 
in 
q 
fN 
in 
o 
in 
fN 
00 
od 
in 
oo 
>o 
1—1 
^ 
c 
r~-
^ OS 
^ 
fN 
O 
VO 
-* 
^ fN 
O 
o 
i n 
• * 
00 
f^ l 
in 
c 
^ r^ 
'a-
^ 
so 
•o 
r-~ 
in 
TZ 
o 
OS 
^^ l 
rr 
O 
>n 
o in 
rz 
•^ r--
fO 
• ^ 
^— 00 
OS 
m 
u in 
—' 
r -
in 
-o 
in 
fN 
oo 
OS 
so 
i n 
in 
r^ 
>o 
00 
fN 
so 
fN 
in 
in 
'*' 
so 
f^ 
sq 
OS 
fN 
SO 
SO 
in 
vn 
00 
so 
"*' 
so 
en 
OS 
d 
so 
CI 
00 
so 
in 
oo 
so 
O 
in 
d 
OS 
0\ 00 
in 00 
in o 
so 
^ — 
o 
rn q 
in 
in 
(N 
so 
.^ 
00 
fN 
00 
>n 
fN 
OS 
f^^ 
OS 
fN 
fN O 
o in 
OS r^ 
in 
^_ 
so 
o 
so 
in 
o 
— so •* ON ro — 
r<-) r~; ^ ro in •^ 
^ fN 00 fN d '-
fN fN fN (^  ro fN 
OS O O O 
00 00 ro m 
-^ r- fN --^  — in 
00 t^ r-~ so r^ 00 
^ OS m (^  f^i O 
-^^  " * _ ' - > q q OS 
fN ro r-' --^  t~-' '-
fN fN fN ro f^ J fN 
in — SO o r^ 
(N so — m o 
f-i m ro r--
f- so r- 00 
- 4 - ^ 
^ 
+ S 
a 1) 
p. 
12 
u 
+ 2 
>1J 
c 
ct3 
S 
CJ 
+ S 
!L> 
UH 
+ 
s 
O 
0 
+ 2 
CSJ 
+ S 
1 
S 
"o 
n 
U 
m § t-
o H oo 
--^  ^ ^' 
in 
in 
o 
d 
V 
o q 
<~n 
o 
o 
o o 
o — 
o o 
r^  q 
d (^  
^ (N 
o 
•o 
— fN 
OS O 
^ q 
^ r<-i 
-^ (N 
O 
q 
f^i 
in 
q 
(N 
r4 
00 2 >n 
r- H in 
in 
o 
o
^ q -
r-
so 2 fN 
O H 00 
o 
(N 
m 
(N 
U 
C3 
> 
en 
fN 
in r-^  
m o 
o^ n 
fn o 
O OS fN 
O O (N 
d - q 
(N -- O 
OS — 
r~ so 
• * • ^ . 
m o 
o o . 
fN -^ O 
00 
so 
rl 
in 
o 
o 
so so 
00 rn 
— o 
^ 
-* 
00 so 
so en 
so ^ 
o 
00 
o 
J T 3 tu C^ 
c 
E 
-a 
o 
o 
s ^ 
o 
TO 
o 
o 
o 
c 
o 
c 
3 
Q 
in 
O 
O, 
o 
60 
00 
Q 
-o 
a 
o 
U 
O 
o 
(L) !U 
S o OS 
>^  
-o 
_o 
o 
c 
<u 
> 
II 
u 
00 
TD 
c 
^ 
3 (1) 
u 
ro 
r-
O 
1 3 
T 3 
< 
a. 
o 
u 
u 
<u 
o C/1 
(1> 
> n 
n 
^ 
c/1 
ei 
o 
I/') 
I T ) 
^ ' — 1 
m 
O 
O 
^ 
oo 
O N 
• ^ 
O 
o 
"* 0 0 
i r i 
>/-} 
o 
o 
ON 
' J ) 
CN 
r--
o 
o 
• ^ 
r n 
vO 
o 
o 
O 
as 
o 
ON 
^n 
u 
^ ^ 0^ 2 
> - = : : to y i 
^ ei 
o cr i-i 
O 
a 
o u 
r- <-> 
5 L M 
c 
a 
o k-
o 
u 
« i O 
2 
u 
'>. 
X ) 
;^  cS 
P CO 
3 3 
oi g 
o U l 
f*:: 
!+- . 
c o 
03 T- j 
u 2 S.H 
-a 
u 
Kj 
W + 
2 
S 
^ V 
rt 
^ 
« 
^ 
—^^  rt 
^ 
~3-
co 
^ 
w 
^ 
-^^  T 
-u 
IZl 
E 
a 
o U i 
U 
c 
2 
o 
CQ 
CO 
3 
eu 
o o o o o o o o o o o 
-^, 
>o 
^ m 
o 
0 0 
<N 
<yi 
o 
0 0 
0 0 
i n 
l O 
>o ( N 
OO 
o 
p-l 
Cs 
>o 
i n 
o ( N 
^ O 
o o 
o o 
o o o 
o o o 
u-^  O O O O lO 
0 ^ ON IT) (N ^ r-1 
r^  oo -^ -^ (N ^ 
^ " --I m (N (N 
• * 
o 
o 
o O 
ON 
o o 
i n 
0 0 
^ 
o 
o 
o o o o o o 
o o o o o o 
<n o o in o o ^ 
ON Os m • * O. 00 ON 
— r o • * —' NO r - CN 
m m - ^ in ^ ro O 
^ i n 
-^
JD 
O 
m 
o 
O 
'—' 
u 
i n 
NO 
o 
o 
r-1 
_D 
o NO 
o o ^ ^ o 
ON 
C3 
lU 
O , 
^ D 
X 
u 
+ 
•n 
c 
^ o U 
+ 
• — I 
(U 
u 
r 
u 
H-
+ 
u 
^—, u la 
U 
+ 
f— 
c/5 
• - • 
T 3 
ci 
C4 
+ 
C 
(J 
u 
-n 
rt 
- t - j 
3 
s s :§ 2 s s 
o 
o 
,— 
r~i CO 
n 
o 
o 
o 
rn 
r^ 
^ 
o 
o 
ON 
i n 
'^ 
m, 
O 
O 
o 
•=:r i n 
r-
o 
o 
i n 
r-
r<-i 
NO 
o 
o 
o 
r^  i n 
i n 
o o 
o o 
o o o o 
o o o o 
NO 
OO 
( N 
n 
• ^ 
o 
rM 
i n 
• * 
( N 
ON 
i n 
>n 
o 
o 0 0 
o 
' 't 
0 0 
NO 
m 
ro 
O 
NO 
o o o o 
o o o o o o 
• ^ • * O i n o 
• * (N (N Tj- i n 
ON NO --H ( ^ ^ 
—I —< m <N r j 
r-~\ 
ro 
3: 
o o 
00 
r-4 
o 
ON 
o 
1 ^ 
N O 
o 
o 
•=1-
o o o o o o o 
o o o o o o o 
o o o in m in in 
O NO O 00 ON 00 NO 
O (N r^ 00 ^ in -^ 
ro ro ^ '^ •^ ro O 
o o o 
O (N O 
in in in 
O —' " — O 
c3 o 
Q. c 
o 13 
:?: U U UH O oi 
+ + + + + + 
s s s s s s 
o 
o 
13 
03 
en 
o 
o 
i n 
m i n 
OJ 
o 
o 
0 0 
ON 
m 
^ 
o 
o 
ON 
^^  1-^ 
^ 
o q 
o 
o 
o 
o 
o 
q 
NO 
00 
o 
o 
ON — 
ON rn 
O 
q 
CO 
o <N ;:: „ 
ON NO 
NO ri 
o o o 
o 
o 
o 
r-0 0 
( N 
O 
o 
o 
m 
^ H 
m 
O 
o 
NO 
o CO 
m 
§ -1 ^ 
^22 
^ _ t 
a 
<\> 
c ^ 
[J-
+ 
s 
rt 
W 
u. 
^ t ) 
X 
U 
+ 2 
(!) 1 1 
r-
'Tt 
O 
U 
+ 
s 
o 
o 
>rl 
>o 
00 
^ 
o 
o 
v o 
r-VO 
m 
o 
o 
o (N 
0 0 
^ 
o 
o 
o 
^r, 
t 
r-
o 
o 
-^. 
r~-(N 
vc 
o 
o 
»n 
-^« 
^ IT) 
o 
o 
o 
00 
(N 
r<l 
O 
O 
i n 
o (N 
(N 
O 
o 
o 
IT) 
r o 
CN 
d 
O 
o ^ 
o 
o 
o 
r-
—^ 
^ 
o 
o 
^ VD 
O 
^ 
o 
o 
i n 
^ o 
r o 
O 
o 
m 
ON 
>n 
o 
O (N 
c^  00 
>n 
o 
o o o 
(U 
c 
r 
1) 
lu 
+ 
o 
C3 
O 
+ 
1/5 
'•3 
aj 
Di 
+ 
o 
o 
rr! 
M 
;3 
q 
d 
V 
0, 
Q 
s s s s J 
o o o o o o 
o o o o o o 
(N in 00 d d in 
o r- o r~ ^ — 
r»-i <N in r^  in 00 
r^ i-n in r- >o in 
o o o o o 
o o o o o 
o 
o 
(N 
r-i n 
r<-i 
i n 
^ i n 
i n 
CO 
r~-
r~-i n 
o 
^ 
o 0 0 
o 
n-) 
0 0 
lO 
m 
GO 
O 
"O 
o o o o o 
o o o o o 
in 00 
O (N (N ^ 
o in in 
vo O m 
o (M Tt (N (N (N 
a 
c 
d 
> 
00 
c 
i n 
o 
(N 
O O 
en 
O 
00 
'd-
o o o o o o o 
q q q o o o q 
cS d d d ^ d d 
^ o) vo 00 <N in r--(N in in o 'O ^ fN 
m m •^  in -^  m o 
o o o o in o 
(N| -^  (N VO (N m 
d d ^ '-^ '-^ d 
0:1 
(1) 
x: 
+ 
CO 
o 
+ 
T ) 
rr) 
O 
U 
+ 
u 
IJ 
c 
+ 
o 
+ 
4= 
+ S 2 S S S S S 
o 
o 
i n 
ON 
r-~ (N 
O 
o 
rsi 
0 0 
i n 
^ 
O 
o 
o 
-^
"* 
^ 
o 
o 
o 
-^  
•^ 
>o 
o 
o 
r~-
o 
^ i r i 
O 
o 
o 
\o 
o i n 
o 
o 
o 
o 
o 
o 
o 
o 
o o 
o 
o 
in o 
o in m 
ON 
C^  2 2 
O 
oo 
o 
o 
m 
ON 
^^  m 
(N 
00 
ON 
• * 
O 
r—-
00 
^ 
o 
^ 00 
NO 
r--
o 
o NO 
o 
NO 
'^ i n 
o 
I—1 
d 
NO (N 
O 
o 
r^  
—H 
ON 
' — 1 
O 
o 
o 
NO 
^^  
'—1 
o 
o 
o 
o 
oo 
r-j 
o 
o 
i n 
00 
r~~ 
'—' 
o 
o 
o 
m 
r o 
(N 
o 
^ 
.—> 
r-
o 
r j 
i n 
m 
. — 1 
m 
NO 
NO 
o 
o 
i n 
m 
ON 
rsi 
o 
o 
i n 
NO 
o 
ro 
O 
o 
o 
i n 
NO 
r o 
O 
O 
o 
^ o 
•* 
o 
o 
CA 
r^\ (N 
^ 
O 
O 
O 
m 
—^  m 
^ o 
ON ^ 
1) 
+ 
C3 
a. 
o IE 
U 
+ 
•n 
u 
O 
U 
+ 
"u 
c 
p:-
-^
o 
J3 
o 
+ 
u 
G3 oi 
+ S .2 S S 2 S S 
a; 
Q 
tA 
(I> 
H 
D 
CJI 
c 
n! 
P^  
(. ,f 
— « y 
s m 
C 
m 
C 
2 
Q 
>% JO 
i n 
o 
<-) 
II 
Q. 
n 
, < ' - ' 
^ - 1 
•T-) 
^ 
"c 
n) 
o 
!^ 
(-1 
t)U 
<1> 
u. 
rt 
rr 
o 
o 
o 
no 
® 
,—, 1) 
n 
u. 
cr 
o 
o 
00 i n 
® 
(1) 
- d 
c nj 
u 
o U 
rr 
C-) 
o 
r-
rN| 
(S) 
IT! 
(I> 
a 
^ C) 
r^  
CJ 
a-
o 
c 
>-, 
JO 
-d 
u 
I 
o 
c 
o 
in 
NO 
O 
o 
ro 
t/i 
O 
o 
m 
o 
o 
m 
> S a 
T3 
X) 
< 
O 
o 
cd 
> 
o 
in jV O O 
O 
& 
a!. B 
o 
a, 
o 
u 
o 
cr 
3 
a: 
o 
•a 
u 
to « 
5 
S 2 ^  
S .Si S 
E 
t;5 + 3 
S £ 
0 0 0 0 0 0 0 0 0 0 0 0 
06 O — Cv O to 
0-) r - -q- u^ O O 
ON CO (N — \ 0 r -
(N ^ in 00 vo in 
0 0 0 0 0 0 
o 
o o 
o 
0 0 0 
o 
o 
m 
m 
m 
m 
m 
^ 
'^  i n 
^ 
r^ 0 0 
i n 
^ 
i r i 
r--0 0 
m 
ON 
^^  
r-
0 
0 
rn 
VO 
0 
rn 
0 
0 
^ 4 
r~-ON 
' — 1 
0 
0 
>0 
1:--
I N 
-—' 
0 
0 
0 
•d-
^ r*! 
0 
0 
0 
^ H 
m 
<N 
0 
0 
0 
Ov 
f<-l 
(M 
( N r^. ' O CO ( N ^ ^O r~~ 
O '^ 
0 
0 
0 
>o (N 
m 
0 
0 
^ ON 
^ r^ 
0 
0 
0 
^ i n 
^ 
0 
0 
-* 
•—' rn 
i n 
0 
0 
m 
00 
00 
^ 
0 
0 
0 
«—1 
o\ 
rn 
0 
0 
i n 
ON 
i n 
0 
0 (N 
0 
00 
0 
0 (N 
^ 
0 0 
^ 
in 
^ 
0 
0 
i n 
00 
en 
di 
u 
M 
r) 
-C 
U 
+ 
T-t 
c 
u 0 
U 
+ 
U 
!_ c 1) 
u. 
+ 
0 
, . . 4 
u 
rt 
0 
+ 
4= 
en 
" - • 
• a CO 
(ii 
+ 
c 
u 
u 
-n 
rt 
f /1 
3 
2 s s s 2 s 2 
0 
0 
0 
^ 00 
0 1 
0 
0 
i n 
CO 
NfJ 
'^  
0 
0 
,—. 
• ^ 
(^1 
i n 
0 
0 
• ^ 
0 
0 0 
r-
0 
0 
-^  0 
r^ 
^ 
0 
0 
0 
— • 
i n 
i n 
o 
o 
o 
c 
0 0 0 0 0 0 0 0 
0 
ON 
m 
ro 
i n 
^-n i n 
^-. 
r--
r^  i n 
Tl-
m (^  00 
'^ 
m 00 
^ 
0 
^ 0 
•-0 
o 
o 
o 
10 
(N 
0 
0 
0 
ON 
0 0 
•— 
0 
0 
>o 
r-~ (N 
-^' 
0 
0 
0 
0 0 
rM 
ro 
0 
0 
0 
r--
—^ (N 
0 
0 
i n 
(N 
ro (N 
r-\ 
en 
X 
C^C 
0 
^ 
0 
0 
r~ 
0 
rs 
r\i 
0 
, — i 
^ 
0 
(N 
0 
0 
i n 
^ 
^ 
0 0 0 
0 0 0 
0 0 0 0 0 0 
4 - 4 
11 
+ 
u. 
0 
U 
+ 
1) 
C 
C3 
u 
u 
+ 
u 
r 0 
+ 
0 
u 
0 
+ 
CO 
'O 
+ 
o 
o 
O m m '^ f ^ in o 
ro tN O N i n NO — m 
— m "sT o NO r ^ in 
m m •^ in -^ r'^  o 
O m i n 00 00 i n =1-, 
^ (N ^ m (N i n ^ 
o d -^ —• - ; 0 0^ 
S S 2 2 2 2 S 
0 0 0 0 0 0 
^ ' —' d 
ON NO O 
o r- 00 
en ^ ^ 
0 
0 
•^ NO 
r«-i 
m 
0 
0 
, — 1 
r<^ 
0 
i n 
0 
0 
0 
r--0 
i n 
o 
o 
NO 
o 
o 
m NO 
CM 22 
00 
NO 
o 
o o 
0 
0 
i n 
NO 
0 
ro 
0 
0 
i n 
ON 
•^  
m 
0 
0 
0 
.—• ON, 
r^i 
m i n o 
O -^ C-; 
o d d 
, . a 
<\) 
+ 2 
03 
U 
u. M 0 
r-
u 
+ S 
!1) 
-n 
r 
n 
0 
U 
+ S 
o 
o 
T t 
^ o 
r~ 
o 
o 
(N 
0 0 
o 
w~, 
o 
o 
V-) 
0 0 
r-4 
IT) 
o 
o 
^ 
•—• 
m 
r~-
o 
o 
(N 
i n 
rN 
•o 
o 
o 
i n 
m 
m 
i n 
o 
o 
o 
• * 
o 
en 
o 
o 
o 
m 
o (N 
O 
o 
o 
VO 
m (N 
00 00 
c-t in 
o o ^ 
o 
o 
^ 
r~ (N 
-* 
O 
o 
r s i 
( N 
f N 
'^l-
o 
O 
IC) 
a\ 
r - H 
r i 
O 
o 
o 
r--(N 
O 
u ^ 
O N O N —' 
o d d 
o 
o 
— ^ o 
y .a « "^  
u. O Di t5 
+ + + a 
2 2 S 2 
o o o o o o 
in o o o o o 
^- in ^ r-^  in \d 
m 00 ro Tf fN (N 
ro <S - * 00 in ON 
n in in r- \o in 
o 
in 
o 
m 
o o 
o o 
o 
o o o o o 
0^ 
^ 
^ 
r o 
O 
(N 
^ 
in 
_ 
r~-
r--
in 
so 
r -
— • 
00 
o 
'O 
oo 
^ 
, 1 
so 
<N 
^ 
o 
o 
• ^ 
^ O N 
^ H 
o 
o 
-o 
r^ (N 
'—1 
O 
o 
o 
o (N 
en 
o 
o 
o 
r-
—H 
CN 
O 
o 
i n 
i n 
'T (N 
rt 
C 
> 
o o 
(N (N 
O 
o 
o O 
a^ 
-t 
o o o o o o o 
o o o q q q o 
d ^ in vD d ^ in 
ON r-- ON (^ ON O r^ 
m ^O "^ ON ^ oo r^ 
m m ^ "^ "d- ro O 
o 
o 
i n 
o 
i n 
^ 
m 
—' 
o 
' - ' 
NO 
o 
03 
<li 
X 
^ 
+ 
o 
' ^ 
U 
+ 
T ) 
o 
U 
+ 
o 
c 
t i -
+ 
o 
f j 
i -
CO 
' U 
ai 
+ 
in 
O N 
o 
o 
u 
C/5 
2 S S S 2 2 
o 
o 
0 0 
r-
NO 
fN | 
o 
o 
ON 
m 
• ^ 
'^ 
o 
o 
NO 
o 
m 
^ 
o 
o 
r-
>—« NO 
NO 
O 
o 
r~-
—— 
NO 
i n 
o 
o 
(^1 
O N 
T—* 
i n 
o 
o 
o 
i n 
—^ 
m 
O 
o 
r--
—^ ON 
^ 
o 
o 
•sf 
0 0 
r^ 
• ^ 
o 
o 
i n 
ON 
o 
r-
o 
o 
i n 
ON 
o 
NO 
o 
o 
o 
r--
NO 
i n 
o o 
o o o o 
d 
NO 
•N ii^  : : 
o o o 
o o o 
r-- o o m o 
' - ' NO (N (N - ^ 
ON -- ' — ON ' * 
r<) ' - CNI 
o 
o 
r~~ 
o 
o 
CNI 
o 
ON 
m 
o 
in 
m 
o 
00 
^ 
o 
o 
NO 
O N 
0 0 
rNi 
o 
o 
o 
o 
o 
m 
o 
o 
^ ( N 
NO 
ro 
O 
O 
i n 
r~-
ON 
m 
o 
o 
o 
r^ 
r - H 
'a-
o 
o 
o 
NO 
CNI 
r^i 
O 
O 
OO 
r-~ 
^ 
o 
J3 
ON, 
-< O O O 
ON ^ ^ ^ 
O 00 
o -^ 
in o o 
r~- ON (N NO 
o 
2 2 00 
, , 
03 
(IJ 
,r 
C3 
U 
u . 
^ 
<; 
c 
H) 
Tt 
rrt 
n 
o 
E= — — 
r- 1- T3 
S <2 03 
o u u. a oi 
+ - ! + + + 
-r ^ "P 
S 2 S 2 2 2 S 
Pi 
o 
H 
c 
oi 
o 
o 
o 
00 
•— 1) 
c 
3 O 
>. in 
o S 
II § 
o O c u 
i -
•5 
c 
o 
'5 
op 
u o 
o 
o 
(J 
U 
s 
ca 
I 
o 
c 
4) 
:3 
•a 
o 
o 
in 
03 
(U ^ 
i ^ 
m o 
> s o 
as 
< 
tlfi 
C 
'5 , 
o 
3 
c 
'C 
3 
O 
'bb 
o 
o 
MO 
ON 
X) 
^ 
o 
1 I/) 
o o 
(N 
,ra ,—~ 
' ^ P 
•§ H C3 O 
^ 
>> 
s 3 
x: 
OJ 
c; 
fD 
u 
'Si 
Q. 
P 
C 
03 
S 
CO 
U 
< 
P 
3 
E 
c 
2 
p 
6 
X 
> 
3 
S 
C 
2 
P 
3 
P 
X 
(U 
bO ' -^ 
oJ 00 
D . < 
2 a 
u 
c 
<-H . 2 
O • " 
C3 
U > 
Q "5 
> 
o 
o 
1 w^ 
o 
o 
1 O , 
— 
o o o o 2 
1 1 r - o (N ^ . 
rr r~^  o >o 2l 
O i/^ i/~i 
o •* r-
l y ' i o o o i / i i z - i i n o i / ^ 
o o o o o o o o o o o o 
— ( N t ^ — r~ — wo — l o o ^ i o 
o o o o o o o o o o o o 
(N (N ON vO ro -^  ^  ON Ol •^_ r-; ro 
O 00 O ^ —^  
00 00 00 00 OO 
00 ^  r^  O H^ rn ON 
00 ON 00 00 00 r- r-
m m n ' r i O o o r o i / N O O o o m 
" 0 0 — r ^ r ^ o t ^ r ^ r - O N O o 
>0 CN 
O i n i n o i n m m o o o 
( N O C N O O O N O O O O V O — 
• r t O — ( ^ l O ^ N O O N f ^ - C N C N O 
i n 
00 0 ^ ( N L r ) N O C N ' ^ ^ r - - m i O 
— — o i (N — (N (N r-i (N r i r i (N 
O 
o 
o 
o 
d d 
o o 
o o 
o o o 
• n NO r -
o o 
o o 
d d 
00 ON 
o o o 
o q o 
d d d 
o — (N 
i/N i n IT) i n i n 
o o o o o 
o c o o o o (N (N (N (N (N 
NO NO 
o o 
o o 
C5 O O O o^  z: 
ON 0 \ 
(N 
NO NO NO 
O O O 
O O O 
(N (N (N 
(N (N ro 
OO 00 O 
— (N — 
O 
NO 
o o m i n o o m i n m i n o i n 
• ^ > n r ^ ( N O o o r ^ r - - M O O N o o 
— ^ d c N r o C N r - i N d T f r - i r - ^ N O 
r-~r-r-^NONONONONONONONONo 
O O O O O O O O O O O O 
O N i n r ^ r o m - x l - O — O O Q O O O N 
d ^ ' o N n - i ' ^ — r ~ ^ d r ~ o d o d — 
" O N O m i n m N O i n N O i n i n i n N O 
O O O O O O O O O O O O 
a \ i n ( N ( N i n r ) > n ^ C N a \ n c - 4 
— ^ ' ( N — — c x J o o r ^ i d N o r - ^ d 
o o o o o o r ^ r - - r - - N o r - - r - ~ N o r - r - -
i n r o o o i n m o i n o r o m o o o 
O N N O ' ^ — NOr^NOON — r n C N O 
(N — o (N i n i n 
•- ' (N (N (N — --I 
i n ON ' ^ ON ON 
— — (N (N (N 
i n i o i n o o m i n o o i n o i n 
— o c ^ . — ^ m o - ^ N O — r-NO 
^ - r ^ — rsi — — — — — ( N ( N ( N 
i n o o o o i n i n o m o o o 
N O o o i n t N O N C c ^ r ^ ^ O N O N o o 
^ r-i — m r- NO t^i r~^  — NO d — 
'-(NiNr^l — — — '-c^lfNr^m 
O O 
O O 
O O O 
—' (N m 
in in in in in 
O O O O O 
O O O _ _ 
CN r^l (N (N 
^ — (N (N 
O O O O O O o o o 
-; P 
o o o 
o o o o o O — (N r-- 00 ON ^  ^ ;_; 
NO NO 
o o 
o o 
o o o o (N m 
"N V! ;::; ::; 
ON ON 
— r-i 
ON 
NO NO NO 
o o o 
o o o 
(N (N <N 
(N <N rn 
00 00 o 
— (N — 
CO 
CO 
II 
< 
Q 
. ~fe 
A. Seedling stage of B.juncea B. Flowering stage of B. juncea 
li 
yslmi infestation on central shoot D. C septempimctata preying upon 
L etysimi 
• * • • • . i ; > - • *» . 
f 
*V' 
>n' 
E. Mummified /,. erysimi by /), m/Jrtt? F. Mummified and normal aphid, L. 
erysimi 
g^ ^^ ..• -^:'-^ =*^»^€--'J ,^>^^ -^^ :.1i^ ^ 
^ ^ ^ • , \ * i ( ^ . ^ ^ i ^ 
t 
^ m 
t f 
.^u 
M .-•*' 
.i.icea with intercropping (wheat) H. A. erysimi infestation on B.juncea 
under greenhouse 
210 
CONCLUSION 
Indian mustard (B.juncea) is one of the most important annual oilseed crops of 
India. It is highly vulnerable to attack of insect pests that resulted in heavy losses. The 
most important being mustard aphid, L. erysimi which inflicts damage up to 66-96% 
and varied with varieties, environment conditions and agro-technological practices. 
Effect of temperature on the life table of L. erysimi showed that the 
development time from 1^ ' instar to formation of adult decreases with increase of 
temperature from 9° to 33°C as well as below 9°C. The longest survivorship (Ix) was 
16 days (Pusa Bold) at 9°C while shortest i.e. 4 days on B. jiincea varieties at 33°C. 
Highest mortality of nymphs occurred at 33°C on Pusa Bold and lowest at 30°C on 
Pusa Jaikisan. Mortality was also greater at P' and 4^*^  instars than other instars of Z,. 
erysimi. Expectancy was highest at 9°C followed by 12°, 15°, 7°, 20°, 25°, 30° and 
33°C on B. juncea varieties. 35°C was fatal to nymphs and all of them were died at 
this temperature. 
Survivorship of adult aphid is significantly high in the beginning of age and 
then decreases with age as well as increase of temperature. Longevity of adult is 
prolonged to 19 days on Pusa Bold, RH-30 and Varuna at 9°C and then decreased 
with increasing temperature up to 33°C. Mortality was greater at 33°C on Pusa Bold 
than other temperatures and host plants. The expectancy was highest in beginning of 
age and decreased slowly to the end of life. Expectancy was greater at 9°C than other 
temperatures on B. juncea varieties. 
Production of offspring/female increases with increase of temperature from 7° 
to 25°C and then decreased down from 27° to 33°C. Highest number of offspring i.e. 
61.14 nymphs/female was produced when L. erysimi reared on Pusa Bold at 25°C and 
lowest (5.59 nymphs/female) on Pusa Bold at 33°C. m^ was highest at 25°C and 
lowest at 33°C on B. juncea varieties. Greatest (43.54 nymphs/female) number of 
nymphs was bom on pivotal age of 15.5 days on Pusa Bold at 25°C and lowest at 
33°C on Pusa Bold. 
Highest potential fecundity (Pf) was obtained i.e. 
256.61 nymphs/female/generation on Pusa Bold at 25°C and lowest at 33°C on B. 
juncea varieties. Pf increases from 7° to 25°C and then decreases from 27° to 33°C. 
Peak reproduction rate (Ro) has occurred at 25°C and decreased by increasing and 
decreasing temperature from 25°C. RQ was highest i.e. 21.894 
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nymphs/female/generation on Pusa Bold at 25°C and smallest i.e. 1.491 on the Pusa 
Boldat33°C. 
Peak Tm occurred on B. juncea varieties at 30°C. However, one more peak is 
observed on B. juncea host plants at 20°C. Daily progeny production was highest i.e. 
0.3227 nymphs/female/day on Pusa Jaikisan and lowest i.e. 0.2390 on Varuna at 
30°C. Finite rate of increase gradually increases from 7° to 30°C and then decreases 
significantly at 33°C. Highest finite rate of increase (1.38 nymphs/female/day) has 
occurred on Pusa Jaikisan at 30°C and lowest i.e. 1.048 on Pusa Bold at 9°C. 
Mean generation time (Tc) of Z. erysimi is prolonged on Pusa Bold at 7° and 
9°C and shortened at 30° and 33°C. Corrected generation time is prolonged when L. 
eiysimi reared on Pusa Bold at 9°C and shortest occurred on Pusa Bold at 33°C. L. 
erysimi multiplies fast from 15° to 30°C. Population will become double in 2.147 days 
on Pusa Jaikisan at 30°C and delayed at 9°C. 
Temperature and host plants have significantly affected the development of I. 
erysmi. 35°C was found fatal for L. erysimi and development was not completed on 
this temperature. Development of I. erysimi from birth to adult is prolonged to 35 
days on Pusa Bold at 9°C and 27 days on Pusa Jaikisan when L. erysimi reared at 7°C. 
Development period decreases from 9° to 20°C then increases substantially on all B. 
juncea varieties at 25°C and shortest development period (8 days on Pusa Bold, RH-
30, Chapka-111, Pusa Jaikisan and 7 days on Varuna) occurred at 33°C. Rate of 
development / day of Z. erysimi from birth to adult were fast at 7°C on Pusa Jaikisan 
(0.48) as compared to 9°C and reached to a maximum at 33°C on B. juncea. A mild 
peak is also formed when L. erysimi reared at 20°C but rate of development is greater 
on Chapka-111 and Pusa Jaikisan than on Varuna, RH-30 and Pusa Bold. 
Lower thermal threshold (Tmin) determined by linear regression equation 
showed that L. erysimi could able to survive below freezing temperature. Tmin was -
3.83°C on Pusa Jaikisan while -0.38°C for Varuna. L. erysimi accumulated highest 
amount of thermal units i.e. 322.58°C-day to complete the development from birth to 
adult on Pusa Jaikisan and least i.e. 294.irC-day on Varuna. 
Degree day (DD) requirement was greater when L. erysimi reared at 25°C on 
Pusa Bold as compared to 243.50 degree days on Pusa Jaikisan. Whereas, maximum 
(423.00 DD) degree days were required by L. erysimi to complete one generation 
(birth to adult) on Pusa Bold at 25°C and minimum on Pusa Jaikisan at 7°C. Degree 
91? 
day requirement increases with increase of rearing temperature from 7° to 25°C and 
then decreases up to 33°C. All individuals of aphid died at 35°C; therefore, no degree 
day was accumulated at 35°C. 
Maximum threshold temperature (Tmax) was determined by cubic polynomial 
equation as 38.70°C on Varuna and fractional difference was found for Tmax on RH-
30. The ambient temperature or Topt of Z,. erysimi is in a range of 16.42° to 17.29°C. 
Fractional difference was obtained in T^ jn when L. erysimi reared on Pusa Bold, RH-
30, Chapka-111 and Pusa Jaikisan while T i^n i.e.3.840°C was calculated on Varuna. 
In greenhouse condition survivorship (l^ ) was highest i.e. 22 days on Pusa 
Jaikisan at 15±2°C and 17 days on Pusa Bold at 20± 2°C. Mortality of L. erysimi was 
high in the beginning of age and then decreased down with age. Mortality of L. 
erysimi was more at 15± 2°C than to 20 ±2°C on Pusa Bold. Expectancy of life of L. 
erysimi is higher at 15± 2°C than at 20 ±2°C. 
Peak production (offspring/female) of L. erysimi occurred at 15.5 day of 
pivotal age on Pusa Jaikisan and 17.5 day pivotal age on Pusa Bold at 15±2°C. 86.48 
nymphs/female were born when L. erysimi reared on Pusa Jaikisan and 26.64 on Pusa 
Bold at 15±2°C as compared to 70.28 nymphs/female on Pusa Jaikisan and the lowest 
i.e. 41.00 on Pusa Bold at 20±2°C. 
Highest potential fecundity (Pf) was obtained i.e. 561.94 and 264.92 
nymphs/female/generation on Pusa Jaikisan at 15±2° and 20±2°C, respectively and 
lowest (113.27) on RH-30. Net reproductive rate (Ro) was highest i.e. 37.564 and 
25.700 nymphs/female/generation on Pusa Jaikisan at 15±2° and 20±2°C, respectively 
and lowest occurred on Pusa Bold on both conditions. Intrinsic rate of increase (rm) 
was highest i.e. 0.1648 and 0.2164 nymphs/female/day on Pusa Jaikisan and lowest 
i.e. 0.1139 and 0.1467 on Pusa Bold at 15±2° and 20±2°C, respectively. Highest finite 
rate of increase i.e. 1.179 and 1.241 nymphs/female/day has occurred on Pusa Jaikisan 
and smallest i.e. 1.120 and 1.158 nymphs/female/day on Pusa Bold at 15±2° and 
20±2°C, respectively. 
Mean length of generation time (Tc) is prolonged to 22.99 days and shortened 
to 12.54 days on Pusa Jaikisan and Pusa Bold at 15±2° and 20±2°C, respectively. 
Corrected generation time is prolonged to 21.01 days on Pusa Bold and Chapka-111 
and shortened to 15.84 days on Pusa Jaikisan at 15±2°. L. erysimi completed a single 
generation in 17.01 days on Pusa Bold and shortest i.e 14 days on Chapka-111 at 
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20±2°C. L. erysimi multiplies fast at 20±2°C as compared to 15±2°C and the 
population will become double in 4.205 on Pusa Jaikisan at 15±2°C and 3.203 days on 
Pusa Jaikisan at 20±2°C. 
Lc3o of insecticides caused a significantly variable mortality of nymph of L. 
erysimi in relation to host plants. Survivorship of nymph is reduced to 5 days by 
application of dichlorvos on Chapka-111 and prolonged to 9 days by neem excel on 
Pusa Bold as compared to other insecticides on host plants. Natural mortality of 
nymphs was 7.68% when L. erysimi reared on Varuna. LC30 of cypermethrin inflicted 
the highest mortality i.e. 39.50% of 1^ ' instar on Pusa Bold while lowest mortality of 
1^ ' instar occurred i.e. 10.70% after exposure to neem excel on Pusa Jaikisan. 
Expectancy of life (Cx) of nymph was high in the beginning of age and then declined 
gradually at end of life in the exposed and unexposed population and host plants. 
Adult formation was found greatest when L. erysimi reared on Chapka-111 and 
reduced to 41.08 adults on Varuna. However, 4"' instar of L. erysimi was exposed to 
fenvalerale gave 42.27 adults on Chapka-111 and lowest i.e. 10.32 adults on RH-30 
after exposure to cypermethrin. More adults were formed on Pusa Jaikisan by 
exposure to neem excel than that of L. erysimi reared on Pusa Bold under the 
influence of neem excel. Survivorship of adult aphid was highest i.e. 10 days on 
Chapka-111 and lowest on 8 days on Varuna in unexposed population. Survivorship 
of adult was reduced to 3 days when 4''^  instar nymph was exposed to cypermethrin on 
Pusa Bold and highest survivorship was found to be 8 days on Pusa Jaikisan after 
exposure to fenvalerate. 
Natural mortality of I . erysimi was highest i.e. 8.21 reared on Chapka-111 and 
followed by RH-30 of B.juncea. Endosulfan caused 7.96% mortality when L. erysimi 
reared on Pusa Jaikisan and lowest on Varuna after exposure to imidacloprid. 8.21% 
mortality was recorded on Chapka-111 by exposure to neem excel as compared to 
3.88% mortality on Pusa Bold after application of neem excel while 6.10% mortality 
caused by neemarin on Varuna. Expectancy of adult was high when L. erysimi reared 
on Chapka-111 as compared to Pusa Jaikisan i.e. 4.70. Expectancy was significantly 
reduced in the population exposed to cypeiinethrin on Pusa Bold as compared to 4.42 
in the treatment of fenvalerate on Pusa Jaikisan. 
Production of offspring/female was highest i.e. 19.56 nymphs/female on RH-30 
exposed to endosulfan and lowest i.e. 2.56 nymphs/female on Pusa Bold exposed to 
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imidacloprid. Whereas, 39.38 nymphs/female were born when L. erysimi reared on 
Pusa Jaikisan while, reduced to 32.85 on RH-30. 
Potential fecundity (Pf) of L. erysimi was highest i.e. 132.85 
nymphs/female/generation reared on Pusa Jaikisan while, lowest (104.32 
nymphs/female/generation) on Varuna in unexposed population. 57.97 
nymphs/female/generation were born when 4"^  instar of L. erysimi was exposed to 
Lc3o of fenvalerate on Pusa Jaikisan and lowest (5.90 nymphs/female/generation) on 
Pusa Bold exposed to cypermethrin as compared to other insecticides and varieties of 
B. juncea. 
Net reproductive rate (RQ) v/as highest i.e. 5.274 nymphs/female/generation in 
fenvalerate exposed population on Pusa Jaikisan and reduced to 1.125 with 
imidacloprid. RQ was found highest i.e. 12.919 nymphs/female/generation when L. 
erysimi reared on Pusa Jaikisan and 11.511 on Chapka-111 as compared to other 
variety of B. juncea. 
Intrinsic rate of increase (r^) was highest i.e. 0.0479 nymphs/female/day on 
RH-30 and Chapka-111 varieties when exposed with neem excel and dichlorvos, 
respectively while, 0.0046 on Pusa Bold with imidacloprid. 0.0617 
nymphs/female/day were bom on Pusa Jaikisan and lowest i.e. 0.0589 
nymphs/female/day on RH-30 on unexposed population of L. erysimi. Highest finite 
rate of increase (k) occurred when 4'^  instar of L. erysimi exposed with cypermethrin 
(1.047) on Chapka-lll and lowest i.e. 1.004 nymphs/female/day exposed with 
imidacloprid on Pusa Bold. 1.066 nymphs/female/day v/ere born when L. erysimi 
reared on Varuna and lowest i.e. 1.061 nymphs/female/day on RH-30 and Chapka-111 
in untreated control population. 
Mean generation time is prolonged to 12.628 days on Pusa Bold exposed to 
neem excel and reduced to 9.667 days with dichlorvos on Chapka-lll. 14.149 days 
were required by L erysimi to complete one generation on Pusa Jaikisan and 12.421 
days on Chapka-111 with unexposed population. Corrected generation time (T) was 
highest (16.012 days) on Pusa Jaikisan when L erysimi exposed to fenvalerate and 
11.120 days on Pusa Bold exposed to imidacloprid. Corrected generation time was 
found highest i.e. 18.021 days on Pusa Bold and lowest (17.005 days) on Varuna 
when imexposed population L. erysimi reared on above host plants. 
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Doubling time of I. erysimi is prolonged to 65.441 days on Pusa Bold exposed 
to imidacloprid and reduced to 6.285 days on RH-30 and Chapka-111 exposed with 
neem excel and dichlorvos. 5.111 days were required by L. erysimi to become double 
in number on RH-30 and lowest (4.741 days) on Varuna on unexposed population. 
Infestation of aphids increases gradually and reached to a peak at 120, 90 and 
60 DAS on early (10* October), mid (lO"" November) and late (10* December) sown 
crops of Indian mustard, respectively in both cropping seasons. Thereafter, many fold 
decrease was monitored on 120 DAS (1^' week of February) on early sown, 100-120 
DAS (4* week of February to 1'' week of March) on mid sown and 70-80 DAS (mid 
February to 4* week of February) on late sown crops in 2005-06 and 2006-07 
respectively and disappeared with the onset of summer season. Highest population i.e. 
368.88 and 354.82 aphids/10 cm twig was monitored on Chapka-111 on early sown 
crop at 120 DAS while, 382.27 and 368.66 on mid sown at 90 DAS and 378.56 and 
366.15 aphids/10 cm twig was recorded on late sown at 60 DAS on Chapka-111 in 
2005-06 and 2006-07 respectively. While, lowest infestation was recorded on Pusa 
Bold on early, mid and late sown cropping seasons at a maximum, minimum and 
average temperature of 25.20°, 19.20° and 22.20°C, respectively in 2005-06 and 
20.95°, 16.40° and 18.68°C, respectively in 2006-07 at 120 DAS on early sown 
however, 20.45°, 17.05° and 18.75°C, respectively in 2005-06 and 21.45°, 16.80° and 
19.13°C, respectively at 90 DAS on mid sown and 19.00°, 16.65° and 17.83°C, 
respectively in 2005-06 and 21.45°, 16.80° and 19.13°C, respectively at 60 DAS in 
late sown crop in 2006-07. The average relative humidity in early, mid and late sown 
crop was found to be 69.25 and 64.75, 82.05 and 64.35 and 85.05 and 64.35% at 120, 
90 and 60 DAS, respectively on both cropping seasons. Further, decrease in 
infestation of L. erysimi was observed with increase in maximum, minimum and 
average temperature, average relative humidity and rainfall as well as maturity of 
crops. 
Density of Coccinella ranged from 2.44 to 4.08 / plant in 2005-06 and 2.14 to 
4.16 in 2006-07 on mid sown crop and D. rapae ranged from 0.75 to 2.34 and 0.68 to 
2.33 individuals/plant, respectively. Mummified aphid of D. rapae ranged from 0.78 
to 3.92 and 0.81 to 3.84 on Kundan variety on late sown crop on both cropping 
seasons, respectively. 
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Level of infestation of B. Juncea is significantiy/non significantly/equally 
differed at early sown crop in 2005-06 and 2006-07. Mean L erysimi population was 
recorded highest (108.91) on Chapka-lU while smallest (62.14 aphids/10 cm twig) 
on Pusa Bold in 2005-06. Coccinella and mummified aphids did not appear at an early 
sown crop on both cropping seasons. 
On mid sown crop, the highest mean infestation of L. erysimi was observed as 
149.77 and 142.92 aphids/10 cm of twig on Chapka-111 and smallest i.e. 89.97 and 
84.02 on Pusa Bold on both cropping seasons of 2005-06 and 2006-07, respectively. 
The average population of Coccinella was highest i.e. 1.53 on Pusa Bold and smallest 
i.e. 0.93 on Varuna in 2005-06. While, 1.65 on Pusa Bold and 1.00 on Varuna and 
Swama in 2006-07. Parasitization rate of D. rapae was highest and lowest i.e. 0.68, 
0.74 and 0.39, 0.43% on Kranti and Swama, respectively. 
Late sown of B. juncea showed that mean population of L. erysimi was highest 
and lowest on Varuna and Pusa Bold i.e. 107.00, 101.73 and 66.39, 61.78 aphid/10 cm 
twig/plant, respectively on both cropping seasons. Density of Coccinella was highest 
i.e. 10.33, 4.55 and 6.04, 3.30% on Pusa Bold, RS-30, RH-30, respectively and 
smallest on PBM-16 and Varuna in both cropping seasons. Mummified aphids were 
recorded highest i.e. 4.95 and 2.56 on Pusa Bold and the lowest i.e. 3.50 and 1.93% on 
Varuna and Swarna, respectively in both cropping years. 
Highest seed yield was obtained on early, mid and late sown crop of Pusa Bold 
in both cropping seasons. Yield performance of mid sown crop of Pusa Bold gave 
12.36 and 12.44 q/ha in both cropping seasons. Mid sown crop is suitable to grow in 
this area of Aligarh because of low infestation of aphids with higher density of 
Coccinella and D. rapae on Pusa Bold. 
Fennel intercrop holds lower aphid population on B. juncea as compared to 
other intercrops. The initial infestation has occurred on sole crop at 55 DAS but 
increased significantly on mustard + radish at 65 DAS and the lowest was on mustard 
+ fennel. However, initial infestation on the intercrop was occurred at 85 and 95 DAS 
but increased on fennel and the lowest was on radish in 2005-06 and 2006-07. 
7:3 intercropping system is significantly more effective than 9:1 and 8:2 ratio 
of sole and intercrops. Hov/ever, 8:2 cropping system holds maximum infestation on 
Chapka-111 with radish in both cropping season as compared to Indian mustard 
(alone) while lowest recorded on Pusa Bold + fennel system in both cropping seasons. 
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Fennel was most effective as an intercrop than other plants tested. Although, 
garlic, coriander, chickpea were also found to be the most effective intercrops than 
that of wheat, radish and chickpea. 
Highest yield was obtained on Pusa Bold with fennel intercrop i.e. 11.65 and 
11.78 q/ha in both cropping seasons, respectively, followed by garlic, coriander, 
radish and chickpea. Yield was lowest on mustard + wheat cropping system during 
both seasons of study. Lowest yield ranged from 7.90-8.15 q/ha that was obtained in 
monoculture (Indian mustard). 
Maximum benefit in terms of rupees was Rs. 7969.00 and 8159.00 on Pusa 
Bold with fennel intercrop as compared to other cropping system during both years. 
Garlic and coriander intercrops offer a greater additional return as compared to radish, 
chickpea and wheat intercrops in both years of study. Fennel intercrop was found to 
be considerably more effective against L. erysimi than that of the intercrops tested, 
where the yield and net return was significantly greater than the Indian mustard 
varieties (alone) as well as other intercrops. 
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